Stratigraphy and biostratigraphy of the Mississippian subsystem (carboniferous system) in its type region, the Mississippi River Valley of Illinois, Missouri and Iowa by Brenckle, Paul L. & Lane, H. Richard
tate of Illinois
od R. Blagojevich, Governor
inois Department of Natural Resources
inois State Geological Survey
ILLINOIS G50L06ICAL
SURVEY LIBRARY
Stratigraphy and Biostratigraphy of the
Mississippian Subsystem (Carboniferous
System) in Its Type Region, the Mississippi River
Valley of Illinois, Missouri, and Iowa
International Union of Geological Sciences Subcommission on
Carboniferous Stratigraphy Guidebook for Field Conference, St. Louis,
Missouri, September 8-13, 2001
Philip H. Heckel, Editor
Guidebook 34 2005
ILLINOIS
fctySGS
Illinois State Geological Survey
The Subcommission on Carboniferous Stratigraphy is a constituent body of the Inter-
national Commission on Stratigraphy, organized under the auspices of the International
Union of Geological Sciences.
sees
IUGS SUBCOMMISSION ON CARBONIFEROUS STRATIGRAPHY
Chair: Philip H. Heckel, Department of Geoscience, University of Iowa, Iowa City, IA 52242, USA.
Vice-Chair: Geoff Clayton, Department of Geology, Trinity College, Dublin 2, Ireland.
Secretary/Treasurer: David M. Work, Maine State Museum, Augusta, ME 04333, USA.
This ISGS guidebook is a revised and updated version of the guidebook prepared in 2001 by the
Subcommission on Carboniferous Stratigraphy for field trip participants. It is now published by
the Illinois State Geological Survey to make the important lithostratigraphic and biostratigraphic
information on the classic type Mississippian exposures in the Mississippi River valley more
available to the interested public.
Cover photo: View looking northwestward across the quarry at Gray Quarries Inc., Hamilton, Illinois
(Stop 2). The photo shows the succession from the McCraney Limestone (where vehicles are operating in
lowest pit) through the Prospect Hill Siltstone (dark wall above lowest pit), thin Wassonville (= Chouteau)
Limestone, thick Burlington Limestone (lighter walls at several levels in center, including base of lower
dark wall in upper left), and Keokuk Limestone (remainder oftwo upper dark walls in upper left) to the
lower part of the Warsaw Formation (shalier beds at top of walls around entire quarry). Photo by PH.
Heckel.
Equal opportunity to participate in programs of the Illinois Department of Natural Resources (IDNR) and
those funded by the U.S. Fish and Wildlife Service and other agencies is available to all individuals regard-
less of race, sex, national origin, disability, age, religion, or other non-merit factors. If you believe you have
been discriminated against, contact the funding source's civil rights office and/or the Equal Employment
Opportunity Officer, IDNR, One Natural Resources Way, Springfield, Illinois 62702-1271; 217-785-0067;
TTY 217-782-9175.
This information may be provided in an alternative format if i
217-782-7498 for assistance.
LLINOIS
E||§SGS
resources »«^^ Illinois State Geological Survey
Released by authority of the State of Illinois 2/05
© Printed with soybean ink on recycled paper
*
1905
LIBRARY.
Stratigraphy and Biostratigraphy of the
Mississippian Subsystem (Carboniferous
System) in Its Type Region, the Mississippi River
Valley of Illinois, Missouri, and Iowa
International Union of Geological Sciences Subcommission on Carbonifer-
ous Stratigraphy Guidebook for Field Conference, St. Louis, Missouri, Sep-
tember 8-1 3, 2001
Philip H. Heckel, Editor
University of Iowa, Iowa City, Iowa
Paul L. Brenckle
Westport, Massachusetts
H. Richard Lane
National Science Foundation, Washington, D.C.
with contributions by
Eugene C. Rankey
University of Miami, Miami, Florida
Brian J. Witzke and Bill J. Bunker
Iowa Department of Natural Resources, State Geological Survey Bureau, Iowa City,
Iowa
John M. Masters and Zakaria Lasemi
Illinois State Geological Survey, Champaign, Illinois
Guidebook 34 2005
ILLINOIS STATE GEOLOGICAL SURVEY
William W. Shilts, Chief
Natural Resources Building
615 E. Peabody Drive
Champaign, IL 61820-6964
217/333-4747
http://www.isgs.uiuc.edu
Acknowledgments
We thank the following people and organizations for the many types of support that made
this field trip and guidebook possible. These include the former Amoco Production Company
for supporting field trip leaders Paul Brenckle and Richard Lane in undertaking several years
of geologic and biostratigraphic research in the Mississippi River valley; Rod Norby and Zak
Lasemi of the Illinois State Geological Survey for providing information on the stratigraphic
literature, outcrops, and quarry operators in Illinois, reviewing the guidebook, and for many other
helpful courtesies; and JanisTreworgy and Paul Dixon of Principia College for expediting the
visit to Principia and outcrops in the vicinity. Thanks are given to Michael W. Knapp for graphics
and design and to Cheryl K. Nimz and Joel A. Steinfeldt for their editing contributions.
We also thank the property owners and quarry managers who allowed access to their
properties. These include Joe Richardson of Grays Quarries, Inc. (Stop 2), Charles Lee of Drury
Development Company (Stop 6A), John Cramer of Casper Stolle Quarry (Stop 9), Richard
Weaver at Dennis Hollow (Stop 11), Ruth Franklin at Modoc South (Stop 12), Jack Henshaw at
Flatwoods/Kerley Cemetery (Stop 16), Pearl Gibbons of Southern Illinois Stone Company (Stop
17), and Ronnie Inman of Tower Rock Quarry (Stop 19).
Colleagues at the University of Iowa Department of Geoscience are also thanked. These include
Adrian Goettemoeller for drafting parts of diagrams for Chesterian intervals in figures 6, 31 , 34,
and 35; John Pope for handling many of the functional aspects of the field trip; and Bob Brenner
for tutoring the editor in some of the finer aspects of desktop publishing.
Contents
ACKNOWLEDGMENTS ii
MEMORIAL TO JAMES WATSON BAXTER, 1 927-1 996 ix
John M. Masters and Zakaria Lasemi
STOP DESCRIPTIONS
Paul L. Brenckle, H. Richard Lane, Philip H. Heckel, and Eugene C. Rankey 1
Day 1 : St. Louis to Hannibal 1
Stop 1 : Hannibal South, Route 79 Road Cut 1
Stop 2: Gray's Quarry at Hamilton 6
Stop 3: Geode Glen at Warsaw 1
1
Day 2: Hannibal to St. Louis 1
3
Stop 4: Chautauqua West Bluff, Route IL 1 00 13
Stop 5: Elsah West Bluff along IL 1 00 15
Stop 5A: Upper Osagean Keokuk Limestone 15
Stop 5B: Upper Burlington Limestone 16
Stop 6: Peerless Park 18
Stop 6A: Drury Inn Section (Eugene C. Rankey) 18
Stop 6B: "Waterslide Section" Road Cut (Paul L. Brenckle) 1
9
Stop 6C: Interstate 44 South Outer Road Cut (Eugene C. Rankey) 21
Stop 7: Cragwold Road 22
Stop 8: Meramec Highlands Quarry 23
Day 3: St. Louis to Chester 27
Stop 9: Casper Stolle and Falling Springs Quarries 27
Stop 9A: Casper Stolle Quarry 27
Stop 9B: Falling Springs Quarry 31
Stop 1 0: Columbia Road Cut 32
Stop 1 1 : Dennis Hollow 32
Stop 12: Modoc South 35
Stop 13: Old Randolph Stone Company Quarry 37
Stop 14: Coles Mill 37
Day 4: Chester-Vienna Area to Ste. Genevieve 39
Stop 15: Grantsburg Northeast Railroad Cut 39
Stop 16: Flatwoods-Kerley Cemetery Railroad Cut 42
Stop 17: Southern Illinois Stone Company Quarry 44
Stop 18: Cedar Grove Church Northwest 46
Day 5: Ste. Genevieve to St. Louis 48
Stop 1 9: Tower Rock Quarry North 48
Stop 20: Little Rock Quarry 48
References 49
SEDIMENTOLOGY AND STRATIGRAPHIC IMPLICATIONS OF THE PEERLESS PARK
MEMBER (KEOKUK LIMESTONE, VISEAN, MISSISSIPPIAN), ST LOUIS, MISSOURI
Eugene C. Rankey 55
Facies of the Lower Part of Keokuk Limestone 55
Wackestone 57
Cherty Skeletal Packstone and Grainstone 57
Geometry and Facies of Peerless Park Member 57
Channel Deposits 57
Interchannel Deposits 58
Facies of the Upper Part of Keokuk Limestone 60
Sedimentologic and Stratigraphic Interpretation 60
References 61
COMMENTS ON THE MISSISSIPPIAN STRATIGRAPHIC SUCCESSION IN IOWA
Brian J. Witzke and Bill J. Bunker 63
Introduction 63
Kinderhookian Stratigraphy 65
Burlington Formation 67
Augusta Group 69
The Gilmore City Problem 69
Keokuk and Warsaw Formations 71
Sub-"St. Louis" Unconformity 71
The "St. Louis" Formation in Iowa 72
Pella Formation 73
Final Remarks 73
References 74
TYPE MISSISSIPPIAN SUBDIVISIONS AND BIOSTRATIGRAPHIC SUCCESSION
H. Richard Lane and Paul L Brenckle 76
Introduction 76
Definition of the Mississippian 77
Major Subdivisions of the Mississippian 79
Kinderhookian 79
Osagean 79
Meramecian 81
Valmeyeran 81
Chesterian 82
Type Mississippian Conodonts 82
Kinderhookian Microfaunal Succession 83
Faunal Unit 1A
—
sulcata Zone 83
Faunal Unit 1 B—Lower duplicata Zone 83
Faunal Unit 1C—Upper duplicata Zone 83
Faunal Unit 1D
—
sandbergi Zone 83
Faunal Unit 1 E—Lower crenulata Zone 85
Faunal Unit 1 F isosticha-Upper crenulata Zone (Lower) 85
Faunal Unit 1G isosticha-Upper crenulata Zone (Upper) 85
Osagean Microfaunal Succession 85
Faunal Unit 2
—
punctatus Zone 85
Faunal Unit 3 86
Faunal Unit 3A
—
communis carinus Zone 87
Faunal Unit 3B multistriatus Zone 87
Faunal Units 4 and 5
—
anchoralis-latus Zone 87
Faunal Unit 4L latus Subzone 87
Faunal Unit 4U lanei Subzone 87
Faunal Unit 5 burlingtonensis Subzone 87
Faunal Unit 6 bulbosus Zone 88
Faunal Unit 7 texanus Zone 88
Meramecian Microfaunal Succession 88
Faunal Unit 8 scitulus-scalenus Zone 88
Chesterian Microfaunal Succession 88
Faunal Units 9 and 10
—
bilineatus Zone 91
Faunal Unit 9—Lower bilineatus Zone 91
Faunal Unit 10—Upper bilineatus Zone 91
Faunal Unit 1 1 naviculus Zone 91
Faunal Unit 12 unicornis Zone 91
Faunal Unit 13—Lower muricatus Zone 92
Faunal Unit 14—Upper muricatus Zone 92
Morrowan (Pennsylvanian) Microfaunal Succession 92
Faunal Unit 15 noduliferus-primus Zone 92
Faunal Unit 16 sinuatus-minutus Zone 92
Type Mississippian Foraminifers 93
Important Biostratigraphic Levels in the Type Mississippian 97
References 98
FIGURES
1 Location of field trip stops on the first two days 2
2 Location of field trip stops on the last three days 3
3 Stratigraphic column of type Mississippian in the Mississippi River valley showing
the stratigraphic intervals covered by field trip stops and for unvisited localities 4
4 Stratigraphic column of type Chesterian in southern Illinois showing the stratigraphic
intervals covered by field trip stops 5
5 Location of Stop 1 , Hannibal South, Route 79 road cut 6
6 Location of Stop 2A-C, Gray's Quarry at Hamilton, lower three-fourths of section 8
7 Location of Stop 2C-D, Gray's Quarry at Hamilton, upper one-third of section 9
8 Location of Stop 3, Geode Glen at Warsaw 12
9 Location of Stop 4, Chautauqua West Bluff 13
10 Locality 4b, Chautauqua East Bluff 15
1
1
Location of Stop 5A, Elsah West Bluff 1
6
12 Locality 5c, Principia College Bluff 17
1
3
Locations of Stops 4 through 9B and nearby localities in the St. Louis area 1
9
14 Stratigraphic intervals covered by Stops 4 through 9B and nearby localities in the
St. Louis area 19
15 Location of Stop 6A, Peerless Park Drury Inn excavation 20
1
6
Location of Stop 6B, "Waterslide Section" road cut 21
17 Location of Stop 6C, Peerless Park I-44 South outer road cut 22
18 Location of Stop 7, Cragwold Road composite 23
19 Locality 7b, Meramec River Bridge 24
20 Locality 8b, Meramec River Bend 24
21 Locality 8c, Marshall Road 24
22 Locality 7c, Dieterle Road 25
23 Location of Stop 8, Meramec Highlands Quarry 25
24 Stratigraphic cross section of Keokuk-Warsaw-Salem succession within the
Mississippi River valley from Hamilton, Illinois, to Ste. Genevieve, Missouri 26
25 Locality 7d, Watson Road at the I-44 interchange 27
26 Location of Stop 9A, Casper Stolle Quarry 28
27 Location of Stop 9A, Casper Stolle Quarry 29
28 Locality 9c, Bussen Quarry 30
29 Location of Stop 9B, Falling Springs Quarry 31
30 Location of Stop 10, Columbia road cut 33
31 Location of Stop 1 1 , Dennis Hollow 34
32 Location of Stop 12, Modoc South 36
33 Location of Stop 13, Old Randolph Stone Company Quarry at Roots 38
34 Location of Stop 14, Coles Mill at Chester 40
35 Location of Stop 15, Grantsburg northeast railroad cut 41
36 Location of Stop 16, Flatwoods-Kerley Cemetery railroad cut 42
37 Locality 16b, Robbs railroad cut 43
38 Location of Stop 17, Southern Illinois Stone Company Quarry 45
39 Location of Stop 18A, Cedar Grove Church northwest road cut 46
40 Location of Stop 18B, Cedar Grove Church northwest ravine 47
41 Location of Stop 19, Tower Rock Quarry northwest of Ste. Genevieve 48
42 Location of Stop 20, Little Rock Quarry north of Ste. Genevieve 49
43 Representative facies, Keokuk Limestone and Peerless Park Member 56
44 Photographic panorama and measured sections of outcrops that have been
excavated and are no longer available 59
45 Distribution of Mississippian strata in the central United States showing the outcrop
area and subsurface extent 64
46 Schematic stratigraphic cross section of Mississippian strata in Iowa, spanning
inner-shelf, transitional, and middle-shelf facies tracts 66
47 Composite stratigraphic section of sub-St. Louis stratigraphic units in southeastern
Iowa 68
48 Type Mississippian stratigraphic units and their possible correlation overseas 78
49 Mississippian conodont zonation and faunal unit scheme followed in this publication 80
50 Ranges of zonally important species and morphotypes of conodont genus
Siphonodella 84
51 Ranges of important conodonts in Osagean Series of Mississippi River valley 86
52 Ranges of important conodonts in Meramecian Series of Mississippi River valley 89
53 Ranges of important conodonts in Chesterian Series of Mississippi River valley 90
54 Selected calcareous foraminifers and the alga Cylindrofolia glenisteri from late
Kinderhookian to early Osagean beds of north-central Iowa 93
55 Selected calcareous foraminifers, algae, and organisms of unknown affinity from
Kinderhookian, Osagean, and Meramecian Series of type Mississippian 94
56 Selected calcareous foraminifers and algae from Chesterian Series of type
Mississippian 96
Digitized by the Internet Archive
in 2012 with funding from
University of Illinois Urbana-Champaign
http://archive.org/details/stratigraphybios34heck
Memorial to James Watson Baxter
1927-1996
John M. Masters and Zakaria Lasemi
James Watson Baxter, Senior Geologist Emeritus, Illinois State Geological Survey, died April
14, 1996, of congestive heart failure in Savoy, Illinois. Jim was born September 9, 1927, in
Shamrock, Texas, where his father was pastor of a small Baptist church. Hardly anyone knew
the extent of Jim's kindness and generosity. He almost never talked about his personal life, and
he never married. He was an active member of Temple Baptist Church in Champaign. He saw
no conflict between his extensive knowledge of geology and his faith.
Jim's college career began at the University of Arkansas in Fayetteville, where he earned a
B.S. degree in geology in 1950 and an M.S. degree in 1952. The same year, at University of
Illinois, Urbana, he began work on his doctoral degree. His work was interrupted in 1954, when
he served two years in the U.S. Army Chemical Corps. With his duty done, he returned to
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Champaign-Urbana in 1956 and resumed work on his degree under the guidance of Professor
Albert V. Carozzi. In 1958, Jim completed the Ph.D. degree in geology. His thesis was on
the stratigraphy and texture of the Salem Limestone in southwestern Illinois and was later
summarized in his 1960 paper on that topic (Baxter 1960). By this time he was committed to
research on Mississippian lithostratigraphy and biostratigraphy, with an emphasis on foraminifers
and calcareous algae, which he continued to work on until his health failed.
Jim's professional career at the Illinois State Geological Survey began the same year he
became a student at the University of Illinois. He worked for two years as a research assistant
in the Stratigraphy and Areal Geology Section. After his military service, he was rehired by
the Survey as an assistant geologist in the Industrial Minerals Section, and he soon became
widely respected for his research on the geology of industrial minerals, especially limestone
and fluorspar resources. His first major project was leading the mapping of the Illinois fluorspar
mining district at the scale of 1 :24,000. The resulting publications helped the industry find new
reserves and extended the recovery of fluorspar another 20 years. He then wrote extensively
on Illinois limestone resources, including the possibility of mining limestone and dolomite
underground. He also was published widely on other scientific and applied aspects of fluorspar,
limestone, and dolomite. His last major project was leading the Survey's part of the cooperative
effort with the U.S. Geological Survey and adjacent states to map and model the potential
mineral resources of the Paducah 1- x 2-degree Quadrangle.
His career is a prime example of the significance and value to the people of Illinois of state-
sponsored scientific research. Many of his high-quality publications, including geologic reports
and maps of the Illinois fluorspar mining district, remain in demand. He was the author or
senior author of 60 publications and co-author of 45 others. Throughout his career, Jim held
many leadership positions in national and international geologic organizations. In 1982, Jim
was promoted to Senior Geologist and Head of the Industrial Minerals Section of the Survey, a
position he held with distinction until his retirement in 1992.
Jim's work in industrial minerals provided him with an encyclopedic knowledge of type
Mississippian outcrops and an extensive thin section collection from which he documented
the foraminiferal and algal successions. He trained in foraminifers under Professor Raphael
Conil at the University of Louvain in Belgium and worked closely with Dr. Ruth Browne of
Louisville, Kentucky, on Mississippian foraminiferal correlations between the North American
Midcontinent and Europe. His initial report (Baxter et al. 1979) remains one of the most accurate
ever produced on that subject. A later paper (Baxter and Brenckle 1982) expanded on the
conclusions of the first and cemented his reputation as a type Mississippian biostratigrapher.
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Stop Descriptions
Paul L Brenckle, H. Richard Lane, Philip H. Heckel, and Eugene C. Rankey
Brenckle and Lane provided all material on small calcareous microfossils and conodonts, re-
spectively, and their biostratigraphic significance in regional and global correlation; Brenckle and
Lane updated all names, but in some instances older discrete-element conodont taxonomy has
been retained; Heckel compiled and formatted general background lithostratigraphic informa-
tion from several sources, particularly, Atherton et al. (1975) and Thompson (1995) without at-
tribution; Rankey provided descriptions for Stops 6A and 6C. The locations of field trip stops are
shown in figures 1 and 2. Stratigraphic columns of types Mississippian and Chesterian are given
in figures 3 and 4. The times shown throughout this section are the approximate times for that
portion of the trip. These times will assist individuals in planning their own route.
Note: Individuals need to request permission from the property owner before visiting
stops on private property.
DAY 1: ST. LOUIS TO HANNIBAL
Stop 1: Hannibal South, Route 79 Road Cut
Directions Departing Lambert International Airport at 8 a.m., drive 105 miles; go west on I-70
and north on MO 79 to the south side of Hannibal. Some Mississippian and several Ordovician
exposures are visible in road cuts along the bluffs. Please stay off the highway, which has limited
visibility uphill; also, be careful while climbing on the steep shale slope. Allow 60 minutes for this
stop.
Description Stop 1 shows the type Hannibal Shale, the underlying Louisiana Limestone, and
the overlying Burlington Limestone (fig. 5). The Louisiana is highest Devonian, the Hannibal is
Kinderhookian, and the Burlington is lower Osagean.
The Louisiana Limestone was named from the town of Louisiana 25 miles to the southeast.
The Louisiana Limestone is a quiet-water open marine limestone that is latest Devonian in age,
based on relatively sparse but diverse conodont faunas collected from four localities in Missouri
and Illinois in the type area and farther southeast (Collinson 1 961 , Scott and Collinson 1 961 ).
The Louisiana is vertically conformable and laterally gradational with the underlying Saverton
Shale, also of late Devonian age. The Louisiana Limestone correlates with the goniatite Wock-
lumeria Stufe (to VI) and the latest Famennian conodont Upper praesulcata Zone of Ziegler
and Sandberg (1984). Locally the Horton Creek Limestone (the Glen Park of others, e.g., John
Carter 1988) lies above the Louisiana and contains the earliest Mississippian Faunal Unit 1A
(sulcata Zone), attesting to the nearly complete continuity of succession across the Devonian-
Mississippian boundary in the Mississippi River valley region.
The Hannibal Shale was named from this location and constitutes the entire Kinderhookian Se-
ries in this area. The Hannibal Shale may be conformable with the Louisiana Limestone, but it
is disconformably overlain here by the Osagean Burlington Limestone; younger Kinderhookian
carbonate units (e.g., Wassonville Limestone named from Iowa and Chouteau Limestone
named from Missouri) are missing in this area. The Hannibal is a medium gray, marine, very
silty bioturbated shale to argillaceous siltstone that contains a dark gray shale member at the
base to the south and west, named the Nutwood Shale in Illinois and the Cuivre Shale in Mis-
souri. Conodonts are relatively abundant in the Hannibal and suggest correlation with the lower
Tournaisian Gattendorfia Stufe (cul) and perhaps lower Pericyclus Stufe (cull) (Collinson 1961
,
Scott and Collinson 1961). Conodonts are particularly abundant in the dark shale member at
the base, and those recovered from a core of the entire Hannibal Shale taken during excavation
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Figure 1 Location of field trip stops on the first two days.
Figure 2 Location of field trip stops on the last three days.
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for the Clarence Cannon Dam 20 miles
to the southwest of Stop 1 encompass
the span of conodont zones from Lower
Siphonodella duplicata through Lower
S. crenulata (Work et al. 1988, see also
Collinson et al. 1971). Ammonoids col-
lected from a temporary exposure at
that locality were correlated with the
conodont zones (Work 2002). The Han-
nibal apparently represents a dysoxic
marine environment with access to a
large amount of quartz silt, particularly
during its later development.
The Burlington Limestone was named
from Burlington, Iowa, 80 miles to the
north. The Burlington is a widespread
fossiliferous carbonate unit deposited in
a fully oxygenated marine environment,
considered to be of middle shelf posi-
tion ("Burlington Shelf" of Lane 1978,
James et al. 2001
,
pages 63-64 in this
guidebook article for a partial modern
analog). Because it is Osagean in age,
based on conodonts and brachiopods,
the abrupt contact of the Burlington
with the underlying Hannibal here is
considered to be disconformable, with
an unknown amount of upper Kinder-
hookian sediment missing, particularly
the Wassonville/Chouteau Limestone.
Leave Stop 1 at 1 1:30 a.m.
Stop 2: Gray's Quarry
at Hamilton
Directions Drive 62 miles; go north
into Hannibal and east on U.S. 36
across the Mississippi River, then north
on 1-172, west on U.S. 24, and north
on IL 96 to U.S. 136 in Hamilton. Lunch
in Hamilton, leaving at 2:00 p.m. Drive
2 miles. Proceed west on U.S. 136
through town, turn south at the last traf-
fic light before the river bridge, then left
into the entrance of Gray Quarries, Inc. (i
waiver forms and wear hardhats, and be
minutes for this stop.
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Figure 5 Location of Stop 1, Hannibal South, Route 79
road cut, measured by Paul Brenckle and Richard Lane.
The legend applies to all similar diagrams in guidebook.
nformally known as Gray's Quarry). You must sign the
careful to avoid the highwalls in this quarry. Allow 120
Description This quarry now exposes a nearly complete section of lower Mississippian rocks
from the Kinderhookian McCraney, Prospect Hill, and Wassonville formations through the Osag-
ean Burlington, Keokuk, and lower Warsaw ("Geode Bed") (figs. 6 and 7). The pre-Keokuk in-
terval was not exposed during early 1970s work and thus has not been examined in detail for
paleontology. Levels A to D in the quarry will be visited.
The top of the McCraney Limestone, exposed in the lowest pit, is the best rock in the quarry
for current commercial purposes. The McCraney is a sparsely fossiliferous calcilutite that was
named from exposures in Illinois 12 miles east of Hannibal. The McCraney was once confused
with the Louisiana Limestone, but sparse conodont faunas from the type area to the south and
from Burlington, Iowa, to the north yielded species of Siphonodella and other genera that are
confined to the Hannibal and overlying Prospect Hill Siltstone and correlate the McCraney with
the upper Gattendorfia (cul) and lowermost Pericyclus Stufe (cull) of the Tournaisian of Europe
(Collinson 1961, Scott and Collinson 1961) and with the sandbergi Zone of Sandberg et al.
(1978). The McCraney represents a local carbonate-producing but fossil-poor environment of
obscure origin within the overall Hannibal-Prospect Hill dysoxic marine shale and silt environ-
ment. It is not known whether the McCraney pinches out into the type Hannibal Shale seen at
Stop 1 or is truncated there along with the overlying Prospect Hill by the basal Burlington dis-
conformity.
The Prospect Hill Siltstone, named from the Burlington area, overlies the McCraney Limestone
abruptly and is exposed in the walls above the lowest pit. The Prospect Hill is an alternation of
highly bioturbated massive medium-gray siltstone with shaly siltstone beds that closely resem-
bles the Hannibal Shale. Its relatively abundant conodont fauna correlates the Prospect Hill Silt-
stone with the Chouteau Limestone of Missouri (Collinson 1961). This unit also contains diverse
but inconspicuous molluscs and local brachiopods and bryozoans (Witzke et al. 1990). Like the
Hannibal Shale, the Prospect Hill represents a perhaps slightly dysoxic marine environment with
access to large amounts of quartz silt. Unlike familiar deltaic environments in the Pennsylvanian
with quartz detritus coarsening directionally to sand and thickening toward the fluvial detrital
source, the quartz in the Hannibal and Prospect Hill is almost entirely silt with no known direc-
tion of coarsening (other than upward compared with the argillaceous component) toward a
detrital source. This characteristic strongly suggests that the dominant silt is an eolian com-
ponent that settled out in a dysoxic marine environment that only locally supported carbonate
production under the generally more arid conditions that dominated the main part of the Missis-
sippian succession (in contrast to the more generally humid coal-forming and delta-dominated
Pennsylvanian succession).
The Wassonville Limestone, named from Washington County, Iowa, northwest of Burlington,
conformably overlies the Prospect Hill and is a typical fossiliferous carbonate deposited in an
oxygenated open marine environment. The Wassonville can be examined on the bench at Stop
2A. Its macrofauna indicates that it is equivalent to the Chouteau Limestone of central Missouri,
and its microfauna is dominated by younger Siphonodella species (Straka 1968); these carbon-
ate units constitute the youngest Kinderhookian strata in this region. The upper contact of the
Wassonville is an abrupt contact with the rather similar Burlington Limestone, which, however,
contains younger Osagean fauna. Even though this contact seems to represent a major discon-
formity, it shows no evidence of subaerial exposure through development of paleosol or other
subaerial features such as karst, perhaps because of the aridity of the climate in conjunction
with the absence of argillaceous material.
The Burlington Limestone is subdivided into three members, all named from the Burlington area,
which are completely exposed in this quarry. The Dolbee Creek Member is relatively chert-free,
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Figure 6 Location of Stop 2A-C, Gray's Quarry at Hamilton, lower three-fourths of
section. The quarry is on the southwest side of Hamilton, SW!4NE!4 Sec. 31, T5N,
R8W, Hancock County, Illinois; Hamilton Quadrangle. The section is mostly from core
described by H. Davis in 1981 (unpublished); certain intervals were measured by RH.
Heckel in the quarry. T-V, Tournasian-Visean.
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Figure 7 Location of Stop 2C-D, Gray's Quarry at Hamilton, upper one-third
of section. The section is from Brenckle et al. (1974, p. 434).
fossiliferous, open marine skeletal packstone to grainstone capped with an irregular glauconitic
firm ground surface, indicating cessation of deposition and erosion in the marine environment.
The Haight Creek Member is somewhat shaly and glauconitic in the lower part, rich in chert
nodules and beds, and largely dolomitized throughout; the Haight Creek Member is locally min-
eralized to coarse calcite and quartz. The Cedar Fork Member is less cherty, richly fossiliferous
skeletal packstone to grainstone (more like the Dolbee Creek) and can be examined on the
bench at Stop 2B. About 85 miles to the northwest near Keswick, Iowa, the Cedar Fork carries
a fauna of multilocular foraminifers, including Earlandia spp., "Priscella prisca" and Endothyra
spp., including the E. obsoleta group (Witzke et al. 1990, p. 19).Witzke et al. 1990 noted that
"Priscella" and E. sensu stricto first appear in the late Tournaisian (Tn3), but that Endothyra of
the group E. obsoleta first appears in the Visean of western Europe, which suggests that the
Tournaisian-Visean boundary may occur near the base of the Cedar Fork Member in this region.
The Keokuk Limestone was named from Keokuk, Iowa, just across the Mississippi River, and
this quarry is a principal reference section for the formation. Its basal contact with the Burlington
is marked by a thin bed of glauconitic limestone. Although the Keokuk's general lithology of fos-
siliferous skeletal packstone-grainstone is quite similar to that of the Burlington, its lower part
is dominated by beds and nodules of chert ("Montrose Member"), and the upper part is less
cherty, more shaly, and dolomitic.The shaly limestone beds near the middle of the formation are
exposed just below the top of the bench at Stop 2C. Brenckle et al. (1974) reported both con-
odonts and foraminifers in the beds. Higher beds of the Keokuk from which a greater variety of
forams were reported by Brenckle et al. (1974) are now accessible only with some difficulty in
the outlier at the quarry entrance (Stop 2D) since the subsequent deepening of the quarry.
Rexroad and Collinson (1965) outlined Keokuk conodont distribution in the quarry, and Brenckle
et al. (1974) compared conodont and calcareous microfossil occurrences to the European mi-
crofossil succession. Brenckle et al. (1974) concluded that the microfossils were more closely
related to Visean assemblages than to the Tournaisian where the Keokuk had been placed in
previous foraminiferal zonal schemes (Sando et al. 1969, Mamet and Skipp 1970). In retrospect,
the most foraminiferally diverse beds in the Keokuk (sample 25 on fig. 7) probably correlate
with the Peerless Park Member around St. Louis (see Stops 5A and 6). The relative sea level
drop that produced the Peerless Park beds probably lowered sea level sufficiently in the Ke-
okuk, Iowa, area to permit an influx of these shallow-water organisms. Calcareous microfossils
within the Keokuk include Aoujgaliaceae, Asphaltinoides macadami, Earlandia spp., Endotaxis
sp., endothyrids, Endothyra obsoleta group, Endothyranella sp., Globoendothyra piasae, and
Tetrataxisspp., including the T. angusta group. Stratigraphically important conodonts (some of
the conodont names are from the era of form element usage) from the Keokuk Limestone at
Gray's Quarry include "Spathognathodus deflexus," Gnathodus texanus, Taphrognathus varians,
Hindeodella sp., Ligonodina levis, L roundyi, Lonchodina cf. L paraclarki, Magnilaterella sp.,
Metalonchodina sp., Neoprioniodus loxus, N. tulensis, and Roundya cf. R. barnettana, previously
reported by Rexroad and Collinson (1965) and Brenckle et al. (1974). These faunas belong in
the texanus Zone of Lane et al. (1980) and Faunal Unit 7 of Lane (1974). These faunas have no
direct counterparts in the European Carboniferous, except that they approximate the anchoralis-
bilineatus Interregnum of Bischoff (1957) and Voges (1960). It has been suggested that these
faunas correlate with the Gnathodus typicus Zone in the Griotte Limestone of the upper Aragon
Valley, Spain, of Marks and Wensink (1970) and the Carboniferous around Graz, Austria (Ebner
1977), as well as with faunas including Paragnathodus homopunctatus and Mestognathus beck-
manniin the earliest Visean of the Dinant Basin of Belgium (Groessens 1977).
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The Warsaw Formation, consisting of dolomitic and shaly beds around the top of the quarry, is
essentially inaccessible and will be visited at the next stop.
Leave Stop 2 at 4:10 p.m.
Stop 3: Geode Glen at Warsaw
Directions Drive 6 miles. Drive south and west into Warsaw, east on Main Street 0.2 mile, and
then north up the lane. Walk down the abandoned road to the creek on the east side of the old
bridge; beware of poison ivy. Allow 80 minutes for this stop.
Description Stop 3 shows the type section of the Warsaw Formation, which spans the Osag-
ean-Meramecian series boundary, and also exposures of the overlying Sonora Formation and
St. Louis Limestone some distance upstream (fig. 8). These outcrops lie along the northwestern
edge of the Illinois Basin and are the most shoreward exposures of these units on this trip.
The Warsaw Formation is subdivided into two members by a distinct lithologic break, which co-
incides with the series boundary. The lower Warsaw is composed of sparsely fossiliferous shales
and dolostones that carry a multitude of many sizes of quartz and calcite crystal-lined and
crystal-filled geodes for which this area and southeastern Iowa are famous. In fact, the geode is
the official state rock of Iowa. The upper Warsaw comprises thin-bedded, blue-gray shales and
fossiliferous Archimedes-rich limestones. When Hall (1857, 1858) first described these units, he
limited the Warsaw to the upper shale-limestone sequence and put the underlying geodiferous
beds in the Keokuk Limestone based on similarity of the megafauna. On the strictly lithologic
criterion of shale domination, these two units were later combined into a single Warsaw Forma-
tion, although the significant faunal change between the lower and upper members formed the
basis for the series/stage boundary (Kammer et al. 1990). Depositionally, the lower Warsaw
represents the regressive phase of the Osagean sedimentary cycle. Early work on the petrology
of the geodes indicated that they are replacements of anhydrite. The geodes were interpreted
by Chowns and Elkins (1974) to be diagenetic products of anhydrite nodules formed in highly
evaporative sabkha soils. This evidence for subaerial exposure is consistent with the abruptness
of the contact between the two members, the generally quite arid Mississippian climate in this
region, and the abrupt faunal break at the contact.
The upper Warsaw represents the initial Meramecian transgression. The appearance of the
brachiopods Warsawia lateralis and Tetracamera subcuneata and the blastoid Pentremites co-
noideus in the upper Warsaw define the base of the Meramecian at this locality, whereas a large
megafaunal assemblage disappears in the underlying Keokuk and lower Warsaw (Kammer et al.
1990). Calcareous microfossils are absent in the lower Warsaw, not surprisingly in view of its ori-
gin as a paleosol.Taxa in the upper Warsaw include Asphaltinoides macadami, Aoujgaliaceae,
endothyrids, Paraarchaediscus sp., Planoarchaediscinae, Salebridae, and Tetrataxis/Endotaxis
sp. Globoendothyra baileyi appears at or near the base of the upper Warsaw to the south where
it is used as a marker for the Meramecian.
Conodonts are sparse in the Warsaw at Geode Glen and include Gnathodus texanus, Taphrog-
nathus varians, Hindeodus penescitulus, "Spathognathodus" coalescens, and Apatognathus
pinnatus. As with the underlying Keokuk Limestone at Gray's Quarry, the conodont fauna in
the Warsaw here belongs in the long-ranging texanus Zone or Faunal Unit 7. Although not fully
tested, the appearance of Hindeodus penescitulus may approximate the lower-upper Warsaw
contact and therefore may be useful in recognizing the base of the Meramecian.
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Figure 8 Location of Stop 3, Geode Glen at Warsaw, on the northeastern side of Warsaw, NWJ4NW14 Sec.
10, T4N, R9W, Hancock County, Illinois, Warsaw Quadrangle. The section was measured by Paul Brenckle
and Richard Lane.
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Palynomorphs from these outcrops were studied by
Leonard Eames (Amoco Production Company, retired)
who reported (unpublished manuscript) species of the
following genera from the lower Warsaw: Apiculatisporis,
Auroraspora, Calamospora, Cirratriradites, Convolutis-
pora, Crassispora, Densosporites, Diatomotriletes, Dis-
cernisporites, Duvernaysphaera, Grandispora, Grumos-
isporites, Knoxisporites, Leiozonotriletes, Lophozonotri-
letes, Punctatisporites, Radiizonates, Raistrickia,
Retusotriletes, Spelaeotriletes, Tasmanites, Torispora,
Vallatisporites, and Verrucosisporites. The upper Warsaw
has a similar assemblage with the addition of Dictyotri-
letes and Leiotriletes. The lower-upper Warsaw contact
represents an important sequence boundary that may
correlate with a similar event at the base of the Tulsky
Horizon on the East European Platform and elsewhere.
The Sonora Formation, named from Sonora, Illinois,
several miles north of Hamilton, includes cross-bedded
sandy limestone and limy sandstone, which can be seen
in a side ravine. The Sonora carries Eoendothyranopsis
scitula and Globoendothyra baileyi. The Sonora is the
updip equivalent of the Salem Limestone, a more open
marine facies that crops out to the south.
The St. Louis Limestone, named from the city to the
south, is "lithographic" to brecciated limestone here. The
St. Louis carries Eoendothyranopsis sp., Globoendothyra
sp., Koninckopora sp., Septabrunsiina mackeei?, and
Paraarchaediscus sp. Similar St. Louis facies are above
the Salem Limestone southward.
Leave Stop 3 at 5:40 p.m. Drive 60 miles. Go east to IL
96, then south, retracing the route back to stay overnight
in Hannibal.
DAY 2: HANNIBAL TO ST. LOUIS
Stop 4: Chautauqua West Bluff, Route IL 100
Directions Leave Hannibal at 8:00 a.m. Drive 90 miles.
Proceed east on U.S. 36, south on IL 96 to Kampsville,
and then south on IL 100 past Grafton. Parking is on a
side road off the highway, so walk carefully along the
highway shoulder to the bluff. Allow 50 minutes for this
stop.
Description Stop 4 shows the top of the late Kinder-
hookian Chouteau Limestone resting with angular un-
conformity below the early Osagean Meppen, Fern Glen,
and Burlington formations (fig. 9). The dolomitic Meppen
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Figure 9 Location of Stop 4,
Chautauqua West Bluff, Route
100 road cut, west of Chautauqua,
NW 1/4NE 1/4SE 1/4 Sec. 13, T6N, R12W,
Jersey County, Illinois, Grafton Quad-
rangle. The section measured by Paul
Brenckle and Richard Lane.
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Limestone and the argillaceous, green-tinted Fern Glen Formation are facies equivalents of the
lower Burlington Limestone seen at Gray's Quarry (Stop 2). The Chautauqua West section is
one of the northernmost exposures of the Fern Glen Formation. At least the lowest part of the
Meppen in this area is older than the lower part of the Dolbee Creek Member of the Burlington
to the north, suggesting a northwestward transgression of the early Osagean seas onto the
Transcontinental Arch.
The Chouteau Limestone, named from central Missouri, conformably overlies the Hannibal
Shale in much of northeastern Missouri and west-central Illinois. The Chouteau is an open
marine fossiliferous limestone with Kinderhookian conodonts that indicate correlation with the
Wassonville Limestone of Iowa and adjacent Illinois seen at Stop 2. However, the two equiva-
lent units are not laterally continuous through the Hannibal area, where the Burlington directly
overlies the Hannibal Shale, as seen at Stop 1 . At Stop 4, the slightly dipping beds, possibly a
truncated mound feature (Lasemi et al. 2003, p. 70) at the top of the Chouteau are truncated
at a rather sharp contact beneath the overlying Meppen Limestone. This sharpness attests to
some erosion at the contact, reflecting the disconformable nature of the Kinderhookian-Osagean
boundary, which could be erosionally responsible for the lack of continuity of the equivalent late
Kinderhookian Chouteau and Wassonville Limestones through that area.
The Meppen Limestone, named from the Village of Meppen about 12 miles to the west, is a
sparsely fossiliferous, dolomitic marine limestone that somewhat resembles the Chouteau, but
contains Osagean conodonts.
The Fern Glen Formation, named from a locality 20 miles west of St. Louis, includes fossiliferous
greenish calcareous shale, crinoidal limestone, and greenish chert. The Fern Glen grades up-
ward and northward into the less shaly lower part of the Burlington Limestone and is considered
to be a basin-marginal facies of the Burlington. Southward, the Fern Glen replaces the typical
Burlington purer carbonate lithology from the bottom up (Stop 11).
The Burlington Limestone at this stop is not as readily divisible into members as it is to the north.
It is essentially inaccessible, but Stop 4b just to the east shows sampling coverage for microfossils.
Conodonts in the Chouteau at this locality (Sample 1) include forms typical of Faunal Unit 1F,
such as Polygnathus communis communis, P. longipositicus, P. lacinatus, Siphonodella cooperi,
Protognathodus praedelicatus, and Bispathodus stabilis (conodont faunal units are described by
Lane and Brenckle, p. 76-93, fig. 49). Conodonts from the Meppen (Sample 2) are representa-
tive of Faunal Unit 3A (communis carinus Zone). The appearance of Polygnathus communis ca-
rinus provides a precise correctable horizon worldwide. This conondont is widely known at the
same stratigraphic level in Belgium (Groessens 1977) and Australia (Jenkins 1974), among oth-
ers. Conodonts characteristic of Faunal Unit 3B (multistriatus Zone) occur in Samples 3 through
8. This fauna includes Gnathodus typicus, G. semiglaber, G. delicatus, G. cuneiformis, Pseudo-
polygnathus multistriatus, Bactrognathus hamatus, "Spathognathodus" pulcher, and Polygnathus
communis communis. Faunal Unit 4L (latus Subzone) appears in Sample 9 in the lower Fern
Glen at the appearance of Bactrognathus excavatus. New conodont forms appearing in this
interval at this section include B. excavatus, B. minutus, and B. distortus. It is important to note
that this exposure (4A) was described only as far as the cliff could be scaled. The higher units
were measured across the valley to the east at Locality 4b (fig. 10), which will not be visited on
this trip.
The unconformity at the Chouteau/Meppen contact eliminates the youngest members of the Kin-
derhookian siphonodellid conodont succession found in southwestern Missouri and on the other
side of the Transcontinental Arch in western North America. These include conodonts typical of
14
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Figure 10 Locality 4b, Chau-
tauqua East Bluff, just east of
Chautauqua, NWASWA Sec.
18, T6N, R1 1 W, Jersey Coun-
ty, Illinois, Grafton Quadrangle.
The section was measured
by Paul Brenckle and Richard
Lane.
latest Kinderhookian Faunal Unit 1G (upper part of the isosticha-
Upper crenulata Zone of Lane et al. 1980) and earliest Osag-
ean Faunal Unit 2 (Gnathodus punctatus Zone of Hass 1959, p.
369-370). Conodont Faunal Unit 1G is found well developed in
the Lodgepole Member of the Madison Formation of Wyoming
and Montana and in equivalent rocks over much of the western
United States. This faunal unit is also found in the Gilmore City
Formation of the central Kansas subsurface and in the lower
Gilmore City exposed in north-central Iowa (see p. 85). Beds of
this age are not found in the Mississippi River valley, but do oc-
cur in the latest Kinderhookian rocks of southwestern Missouri
(Thompson and Fellows 1970). Faunal Unit 2 is also not found in
the Mississippi River valley, but is well developed just south of the
type Osagean in southwestern Missouri and northeastern Okla-
homa and is regarded as the lowest Osagean conodont fauna
(Lane 1974, p. 277).
Calcareous microfossils are rare in Kinderhookian and most
Osagean formations in the Mississippi River valley, probably
because the sediments were deposited in deeper water or some-
what restricted environments that did not support diverse or
abundant foraminiferal/algal populations. The Chouteau at this
locality contains only Earlandia spp., and the Meppen through
lower Burlington yields Aoujgaliaceae, Earlandia spp., endothy-
rids, Mametella chautauquae (type locality), Rectogranuliferella
godini, and Stacheoides tenuis.
Midcontinent units that may bridge the Kinderhookian-Osagean
unconformity include the Gilmore City Limestone of north-central
Iowa, which now incorporates the Humboldt Oolite as its upper
member (see p. 69-71). These units contain abundant and di-
verse megafaunal and microfaunal assemblages with affinities to
the Lodgepole and coeval formations in western North America.
Calcareous microfossils in these units (Brenckle and Groves
1987, Woodson 1993) include a variety of tournayellid (sensu
lato) and tuberculate endothyrid forms that have never been dis-
covered in the type Mississippian.
Leave Stop 4 at 10:50 a.m.
Stop 5: Elsah West Bluff along IL 100
Stop 5A: Upper Osagean Keokuk Limestone
Directions Drive 2 miles. Proceed east along IL 100, pulling
up on the shoulder before reaching the entrance to the Village of Elsah. Do not cross this busy
highway; stand on the shoulder only. Allow 60 minutes for this stop.
Description Stop 5A is an overview of the upper Osagean Keokuk Limestone exposed along
the bluff (fig. 11). The exposure provides stratigraphic context to the Peerless Park Member.
The Keokuk here and in the St. Louis area comprises a lower gray, cherty crinoidal-bryozoan
grainstone/packstone member and an upper tan-buff, cherty, dolomitic crinoidal-bryozoan
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member, separated by discontinuous grainstone beds of the
Peerless Park Member (which is absent just to the east at the
Principia section, Locality 5c). The lower and upper Keokuk
members were probably deposited in slightly deeper water of a
mid-shelf setting such as the underlying Burlington (Lane 1978)
whereas the Peerless Park, which will be examined in detail at
Stop 6, represents a shallower-water channel/shoal complex
that contains abundant calcareous microfossils. The Peerless
Park assemblage collected from these bluffs here (Brenckle et
al. 1982) confirmed the Visean age for the Keokuk proposed
by Brenckle et al. (1974) for foraminifers recovered from Gray's
Quarry (Stop 2). This evidence made the previous foraminiferal
correlations placing the Keokuk in the late Tournaisian (e. g.,
Sando et al. 1969, Mamet and Skipp 1970) no longer tenable.
The assemblage also contained taxa that up until then were
considered indicative of the Meramecian based on the work of
Zeller (1950, 1957), Sando et al. (1969), and Mamet and Skipp
(1970) and necessitated reevaluation of Osagean/Meramecian
foraminiferal correlations elsewhere in North America.
Peerless Park calcareous microfossils in this section include
Aphralysia matthewsi, Asphaltinoides macadami (type locality),
Aoujgaliaceae, Earlandiaspp., Endothyra bowmani group, E.
obsoleta group, Eoendothyranopsis scitula, E. spiroides, Four-
stonella cf. F. fusiformis, Globoendothyra piasae (type locality),
Koninckopora tenuiramosa, Mametella chautauquae, "Principia"
sp. (type locality), Protoumbella elliptica, Salebridae, Skippella
redwallensis, Tetrataxis/Endotaxis sp., and Viseidiscus sp. Al-
though not studied, the conodont faunas here should fall within
the lower part of Faunal Unit 7 (texanus Zone).
Drive to the parking lot just west of the entrance to the Village
of Elsah.
Stop 5B: Upper Burlington Limestone
Directions Walk westward up the highway shoulder to the
entrance through the brush to the base of the bluff; beware of
poison ivy. Also, please collect from the base of the bluff only;
do not attempt to climb the bluff.
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Figure 11 Location of Stop
5A, Elsah West Bluff (up-
per part), just west of Elsah,
NW 1/4NW 1/4Sec.20,T6N,
R1 1 W, Jersey County, Illinois,
Elsah Quadrangle. The sec-
tion was measured by Paul
Brenckle and Frederick
Marshall.
Description Stop 5B is apparently an exposure of the upper
Burlington Limestone in an area where the Burlington is be-
coming more difficult to distinguish from the Keokuk Limestone.
This locality has not been described or collected for microfos-
sils but is one of the few localities on this trip where participants
can view and sample what must approximate the Tournaisian-
Visean Boundary in the Mississippi River valley. The exposure in the lower part of the bluff
shows vestiges of the Haight Creek and Cedar Fork Members of the Burlington Limestone be-
low the resistant, rubbly looking bed that is probably the "Montrose Chert," the lowest part of the
Keokuk Limestone. The position of Stop 5B would be just below the top of the Burlington Lime
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measured in the bluff line just less than
1 mile across the valley to the east
(fig. 12).
The problem of the recognition and
correlation of the Tournaisian-Visean
boundary has been the subject of in-
tensive debate over the last 40 years
(e.g., Conil et al. 1969, p. 40-45 ver-
sus Mamet et al. 1970, p. 33-37),
and a proposal is currently before the
Subcommission on Carboniferous
Stratigraphy to define the boundary
at the evolutionary appearance of the
foraminifer Eoparastaffella simplex
(Sevastopulo and Hance 2000). This
definition cannot be used in the Missis-
sippi River valley where these micro-
fossils are absent, and the boundary
must be recognized by other fossil
groups. Previous attempts at locating
the Tournaisian-Visean boundary in the
type Mississippian include placement
at or near the Kinderhookian-Osagean
boundary (Collinson et al. 1962, 1971),
at the Keokuk-Warsaw contact (Mamet
and Skipp 1970), within the upper Bur-
lington Limestone (Austin et al. 1973,
Lane and Ziegler 1983), and at the
Burlington-Keokuk contact (Brenckle
et al. 1974). The last definition is pre-
ferred because major changes in con-
odont faunas in the Mississippi River
valley correspond to similarly important
changes elsewhere at the Tournaisian-
Visean boundary. Globally dispersed
conodonts in the late Tournaisian
become endemic in the early Visean,
making intercontinental correlations
at this level difficult. For example, cos-
mopolitan late Tournaisian conodonts
in Eurasia change to a provincial paragnathodid- and mestognathodid-dominated suite in the
early Visean, whereas in the Mississippi River valley the Burlington Limestone contains cos-
mopolitan species that change to provincial Gnathodus texanus- and Taphrognathus varians-
dominated faunas in the Keokuk. These changes occur near the appearance of Eoparastaffella
simplex in Eurasia.
Leave Stop 5B at noon. Lunch in Elsah, departing at 1:40 p.m.
-
1
approximate
level of
Stop 5B
Not Measured
Figure 12 Locality 5c, Principia College Bluff, below
Principia College, east of Elsah, NEJ4SEM Sec. 20, T6N,
R11W, Jersey County, Illinois, Elsah Quadrangle. The
section was measured by Paul Brenckle and Richard
Lane.
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Stop 6: Peerless Park
Stops 6A, 6B, and 6C show the type area for the Peerless Park Member of the Keokuk Lime-
stone, which is a carbonate channel/shoal complex that occurs discontinuously in the Mississip-
pi River valley and central Illinois (see Brenckle and Carter, in Kammer et al. 1 990). This middle
Keokuk interval represents a brief, late Osagean shallowing event along the seaward edge of
the Burlington-Keokuk Shelf on the northwestern side of the Illinois Basin. The relatively chert-
free, fossiliferous oolitic-skeletal grainstone lithologies contrast with the typically cherty crinoidal-
bryozoan grainstones and packstones of the surrounding Keokuk facies. The Peerless Park may
correlate with similar grainstone deposits in southern Indiana and northern Kentucky (Floyds
Knob beds) and in southwestern Missouri and vicinity (Short Creek Oolite). The Peerless Park
represents a unique environment in the normally deeper-water mid-shelf Keokuk that allowed
colonization by shallower-water calcareous microfossils, an assemblage that is the most diverse
and abundant in the Osagean of the Midcontinent. The abrupt appearance of calcareous micro-
fossils does not indicate a significant temporal break within the Keokuk, but rather represents a
rapid facies change that was exploited by the microbiota. Brachiopods, in contrast, do not show
significant taxonomic changes within the member, as the same species persist throughout the
Keokuk (Brenckle and Carter, in Kammer et al. 1990). The composition and biostratigraphic sig-
nificance of the microbiota are discussed under Stop 5A.
The Peerless Park Member is interpreted to be the result of a relative fall in sea level that placed
shallower-water inner-shelf grainstones immediately above deeper-water middle-shelf packstone
and grainstone. No field or petrographic evidence for subaerial exposure has been recognized,
so the relative fall in sea level may not have subaerially exposed this area. Alternatively, the cli-
mate may have been too arid for extensive meteoric diagenesis, or evidence for exposure may
have been removed. This occurrence of a downdip, isolated carbonate-filled channel complex
appears to be unique stratigraphically in carbonate ramp depositional systems and includes fill
with character different from previously documented carbonate channel fills in other regions and
ages.
Stop 6A: Drury Inn Section
By Eugene C. Rankey
Directions Drive 50 miles. Go east on IL 100 to Alton, south on U.S. 67 and MO 367, west
and south on I-270, west on I-40, and then south on MO 141 to bluff on the southwest side of
the interchange (figs. 1 3 and 1 4). Allow 30 minutes for this stop. You must sign the waiver forms;
please be careful of loose rock on the cliff.
Description This new laterally continuous exposure shows the Peerless Park Member in a
conspicuous carbonate-filled channel complex (fig. 15). The complex is confined within a chan-
nel of 100 m apparent width, which is underlain and overlain by cherty, glauconitic crinoid-
bryozoan-skeletal wackestone, packstone, and grainstone with abundant hardgrounds and little
evidence for waves or currents (the "normal" facies of the Keokuk Limestone). No field or petro-
graphic evidence for subaerial exposure has been recognized below the channel complex at this
location or above the channel flanks (e.g., Stop 6C). Laterally, the valley includes two subchan-
nels, separated by a subtle high. The deeper subchannel truncates up to 5 m of strata.
The maximum thickness of the channel deposits is 6 m, but an internal truncation surface is
present within the succession. Below this, the lower part of the channel fill includes spectacular
lateral accretion foresets up to 5 m thick in non-cherty quartz silty-foraminifer-peloid-crinoid-
bryozoan-skeletal grainstone. A matrix-supported conglomerate is present locally at the base
18
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Figure 13 Locations of Stops 4 through 9B
and nearby localities in the St. Louis area.
Figure 14 Stratigraphic intervals covered by Stops 4
through 9B and nearby localities in the St. Louis area.
and is shown particularly well near the base of the southern channel. The internal truncation
surface removed up to 1 .5 m of the lower part of the channel fill and is overlain by cherty, wavy
laminated skeletal packstone up to 3 m thick. This packstone appears slightly darker than the
grainstones below and above, and the chert is readily visible. Above the cherty packstone, an
upper foraminifer-skeletal grainstone is erosionally overlain by a 10-cm-thick quartz siltstone that
grades up into more glauconitic crinoid-bryozoan-skeletal wackestone and packstone, the more
typical strata of the lower and upper Keokuk Limestone in this area.
Leave Stop 6A at 3:30 p.m.
Stop 6B: "Waterslide Section" Road Cut
By Paul L. Brenckle
Directions Drive 0.1 mile. Proceed across MO 141 , up the old road along the hill. Allow 20
minutes for this stop.
Description Stop 6B shows the outcrop of the Peerless Park Member that yielded an impor-
tant Visean archaediscid fauna (fig. 1 6). The Peerless Park at this stop is composed of 2.4 m
of cross-bedded grainstone that was the thickest known exposure of the member in the type
area before Stop 6A was excavated. The 1 m of cherty limestone beneath the member shows a
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change in foraminiferal composition
possibly related to the upward shal-
lowing. An Ear/ano7a-dominated fauna
in the lowest cherty limestone is re-
placed by more complex multilocular
forms in the upper beds beneath the
Peerless Park, followed by the diag-
nostic assemblage within the member
itself. The cherty bed just below the
base of the Peerless Park contains
the archaediscid foraminifer Viseidis-
cus. This example is the oldest ar-
chaediscid occurrence in the type
Mississippian and possibly in North
America. It indicates a Visean age no
older than Bobrikovsky or middle Mo-
liniacian in European terminology.
Leave Stop 6B at 3:50 p.m.
Stop 6C: Interstate 44 South
Outer Road Cut
By Eugene C. Rankey
Directions Drive less than 1 mile.
Return to MO 141, then proceed
south and east onto the outer road
parallel to I-40. Allow 20 minutes for
this stop.
M.
4
3 -
2 -
1 -
-
Weathered limestone, chert, and soil cover.
Limestone, light to medium gray, rubbly
weathering, dolomitic, slightly sandy, composed
of coarse-grained, crinoidal-bryozoan packstone,
abundant white and buff chert nodules and
layers
Limestone, light gray, sandy, smooth, weathering,
prominently cross-bedded, composed mostly of
coarse-grained, abraded, cnnoidal-foram-algal-
bryozoan-peloidal grainstone.
Limestone, medium-dark gray, rubbly weathering,
composed of fine- to coarse-grained, bryozoan-
crinoidal-spicule-foram packstone; abundant,
interbedded gray nodular chert
Limestone, gray, blocky weathering, composed of
fine to coarse-grained, bryozoan-crmoidal
packstone. abundant light gray chert in lower part
Limestone, gray, rubbly weathering, crinoidal
packstone with very abundant gray to buff chert
nodules
COVERED
Ft.
-15
-10
-5
-0
Description Stop 6C shows a
much thinner interchannel section of
the Peerless Park Member than at
Stops 6A and 6B (fig. 17). The lower
member of the Keokuk Formation at
this stop includes cherty, glauconitic
crinoid-bryozoan-skeletal wackestone,
packstone, and grainstone. A spectac-
ular Glossifungites surface is present
approximately 2.85 m below the base
of the Peerless Park, and several
other less prominent hardgrounds and
mineralized surfaces are present in
this interval. There is little evidence for
waves or currents in the typical Keokuk facies.
The Peerless Park Member at this stop is about 0.8 m thick and includes a lower non-cherty
crinoid-foraminiferal-skeletal grainstone, a middle cherty skeletal packstone, and an upper skel-
etal-peloidal grainstone. The upper grainstone is in turn erosionally overlain by thin quartz silt-
stone with scattered corals that rapidly grade up into crinoid-bryozoan-skeletal wackestone and
packstone, similar to the more typical Keokuk facies below. The Peerless Park here is interpreted
Figure 16 Location of Stop 6B, "Waterslide Section" road
cut, southeast of the junction of I-44 and MO-1 41 , NE14SE14
Sec. 19 ext., T44N, R5E, St. Louis County, Missouri, Kirk-
wood Quadrangle. The section is from Brenckle and Carter
(Kammer et al. 1990, p. 429).
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Figure 17 Location of Stop 6C, Peerless Park I-44 South outer road cut, south side of I-44
outer road, SW 1/4NW 1/4 Sec. 20 ext, T44N, R5E, St. Louis County, Missouri, Kirkwood Quad-
rangle. The section was measured by Eugene Rankey.
to represent interchannel deposits based on its considerably thinner development than at the
previous exposures.
Leave Stop 6C at 4:10 p.m.
Stop 7: Cragwold Road
Directions Drive 5 miles. Enter I-40 east, exit north on Geyer Road over I-40, and then go
west on Cragwold Road about 1 mile. Be very careful walking down the steep ravine to the road
cut below the bridge. Allow 60 minutes for this stop.
22
-10-
— 5-
/rri-^L-J
i .1 . r
(W— I- -=JW
I— I I.
— /-—
t
I * I ^1
^ Covered
Q_
Q.3
Ft. M.
15-r
5
-4
10--3
5-
h2
1
)-L
Figure 18 Location of Stop
7, Cragwold Road composite,
including I-270 South through
the I-44 West exit ramp,
SE 1/4NW 1/4 and NE 1/4SW 1/4
Sec. 14, T44N, R5E, St. Louis
County, Missouri, Kirkwood
Quadrangle.
Description This stop shows most of the Warsaw Forma-
tion and the base of the overlying Salem Limestone (fig. 18)
and provides an opportunity to examine the Osagean-Mera-
mecian boundary at the lower-upper Warsaw member con-
tact at a more seaward position than at Geode Glen (Stop 3).
The Warsaw Formation mixed siliciclastic-carbonate litholo-
gies at Stop 7 are similar to those seen in the Warsaw 130
miles to the north at Stop 3, except that limestones rather
than dolomites occur in the lower member and they become
thicker and more cross-bedded in the upper member.
The Salem Limestone is named from south-central Indiana
where it is the source of a famous calcarenitic building stone.
In the St. Louis area, the Salem is similarly a massive, cross-
bedded biocalcarenite that locally contains cannonball-size
chert nodules, particularly at the base. It appears to be a
more open marine shelf facies equivalent to the updip sandy,
dolomitic Sonora Formation exposed at Stop 3 (see cross
section, fig. 24).
Calcareous microfossils collected from the lower Warsaw at
this locality and nearby sections at Meramec River Bridge
(Locality 7b; fig. 19), Meramec River Bend (Locality 8b; fig.
20), and Marshall Road (Locality 8c; fig. 21) include Aouj-
galiaceae, Aoujgalia variabilis, Asphaltinoides macadami,
Earlandia spp., Endothyra obsoleta group, endothyrids,
Globoendothyra piasae, Mametella chautauquae, Tetrataxis/
Endotaxis sp., and Salebridae. Specimens collected from the
upper Warsaw here and nearby at Dieterle Road (Locality
7c; fig. 22), Meramec Highlands Quarry (Stop 8, fig. 23), and
Marshall Road (Locality 8c), include Aphralysia matthewsi,
Asphaltinella bangorensis, Asphaltinoides macadami,
Brunsia sp., Earlandia spp., Endothyra obsoleta group,
Endothyranella sp., endothyrids, Eoendothyranopsis sci-
tula, E. spiroides, Globoendothyra baileyi, G. piasae, Ka-
sachstanodiscus sp., Paraarchaediscus sp., P. infantis, P.
pachythecus, P. stilus group, Planoarchaediscus sp., Pseu-
doammodiscus priscus, Skippella sp., Tetrataxis/Endotaxis
sp., Salebridae, and Viseidiscus sp. These species are
characteristic of the early late Visean. Conodont faunas from
the Cragwold Road Composite Section (Stop 7) are sparse
and include Gnathodus texanus, Taphrognathus varians,
Hindeodus penescitulus, "Spathognathodus" coalescens,
and Apatognathus pinnatus, which all belong in Faunal Unit
7 (texanus Zone).
Leave Stop 7 at 5:20 p.m.
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Figure 19 Locality 7b, Meramec
River Bridge, south side of I-44
east of bridge, NW 1/4NW 1/4 Sec. 23,
T44N, R5E, St. Louis County,
Missouri, Kirkwood Quadrangle.
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Meramec River
Figure 20 Locality 8b, Mera-
mec River Bend, NW 1/4NE!4
Sec. 15, T44N, R5E, St. Louis
County, Missouri, Kirkwood
Quadrangle. Measured by Paul
Brenckle and Richard Lane. Figure 21 Locality 8c, Mar-
shall Road, beneath the I-270
bridge, NW 1/4SE 1/4SE 1/4 Sec.
10.T44N, R5E, St. Louis
County, Missouri, Kirkwood
Quadrangle. Measured by
Paul Brenckle and Richard
Lane.
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Stop 8: Meramec Highlands
Quarry
Directions Drive 3 miles. Go
back to Geyer Road, north to Big
Bend Road, west to the road just
before the entrance to 1-270, and
north and then west into the mar-
ket parking lot; walk across Big
Bend Road and the railroad tracks.
Be very careful crossing the high-
way and railroad; beware of poison
ivy in this overgrown quarry. Allow
30 minutes for this stop.
Description Stop 8 shows the
upper part of the old quarry that
constitutes the type section for
the Meramec Group as defined
originally by Ulrich (1904). The up-
per Warsaw, Salem, and lower St.
Louis formations are exposed in
the quarry, but only the Salem-St.
Louis contact is examined (fig. 23).
Stone from this quarry was used
both for local house construction
and for buildings in downtown St.
Louis.
The upper Warsaw is a transgres-
sive facies above the mid-Warsaw
exposure surface, and the Salem
represents further transgression
of the sea to a more open marine
environment reflected in lithologies
of massive, cross-bedded biocal-
carenites. The overlying St. Louis
lithologies of cyclical, finer-grained
wackestones and packstones in-
terbedded with stromatolites and
evaporitic collapse breccias rep-
resent shallower more restricted
conditions. Around St. Louis at
the more shoreward extent of the
Meramecian shelf, the Salem is
thin (about 8 m at this quarry), and
the St. Louis is markedly thicker.
Southward at Ste. Genevieve,
Missouri, and in adjacent Illinois,
nearer the offshore shelf edge, the
Covered
Road Level
Figure 22 Locality 7c,
Dieterle Road, road cut
on I-270 North to the I-44
East exit ramp, NW 1/4SE 1/4
Sec. 14, T44S, R5E, St.
Louis County, Missouri,
Kirkwood Quadrangle.
Measured by Paul Brenck-
le and Richard Lane.
Covered
Figure 23 Location of Stop 8,
Meramec Highlands Quarry,
south of railroad tracks,
NW 1/4NE 1/4SE 1/4 Sec. 10,
T44N, R5E, St. Louis County,
Missouri, Kirkwood Quad-
rangle. Measured by Paul
Brenckle and Richard Lane.
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Salem approximates the St. Louis in thickness and is time-equivalent to much of the St. Louis
Limestone in the St. Louis area (see fig. 24). Thus, the Salem and St. Louis limestones are in
part facies equivalents with the lower St. Louis here grading southward into upper Salem (Line-
back 1972).
Salem calcareous microfossil assemblages at Meramec Highlands Quarry and the nearby Di-
eterle Road section (Locality 7c; fig. 22) are sparse. Taxa include Asphaltinoides macadami,
Aoujgaliaceae, Earlandia spp., Endotaxis sp., endothyrids, Eoendothyranopsis sp., Paraarchae-
discus sp., Planoarchaediscus sp., Pseudoammodiscus priscus, Salebridae, and Viseidiscus sp.
Lower St. Louis taxa at the same two localities and Watson Road (Locality 7d; fig. 25) consist
of Aoujgaliaceae, Aphralysia matthewsi, Asphaltinella bangorensis, A. horowitzi, Asphaltinoides
macadami, Banffella? banffensis?, Cribrokamaena citrosa, Earlandia spp., Endotaxis? sp., En-
dothyra obsoleta group, endothyrids, Eoendothyranopsis hinduensis, E. lebedevae, E. macra,
E. robusta, E. scitula, E. spiroides, Eostaffella sp., Fourstonella sp., Globoendothyra sp., G. bai-
leyi, Granuliferella/Holkeria sp., Issinella sp., Kamaena sp., Kasachstanodiscus sp., Koktjubina
Type Keokuk-Warsaw
Area
B
Type Meramecian
Area
I
Ste. Genevieve
Co. Area
Burlington Ls
Figure 24 Stratigraphic cross section of Keokuk-Warsaw-Salem succession within the Mississippi River
valley from Hamilton, Illinois, to Ste. Genevieve, Missouri. The cross section shows rapid southward thick-
ening of Salem Limestone, largely by facies replacement of upper beds of Warsaw Formation and lower
beds of St. Louis Limestone by open marine shoal-water limestone facies of Salem. Measured sections
include (1) Gray's Quarry (Stop 2), (2) Geode Glen (Stop 3), (4) Bluffs at Elsah (Stop 5A and Locality
5c), (5) Cragwold Road (Stop 7) and Meramec River Bridge (Locality 7b), (6) Meramec Highlands Quarry
(Stop 8), and (10) Tower Rock Quarry (Stop 19). From Kammer et al. (1990, p. 415)
26
Top of
Section
Top of Salem
Figure 25 Locality 7d, Watson
Road at the 1-44 interchange, be-
tween the lanes of 1-44, S 1/2NE 1/i
Sec. 14., T44N, R5E, St. Louis
County, Missouri, Kirkwood
Quadrangle. Measured by Paul
Brenckle and Richard Lane.
sp., Koninckopora inflata, K. tenuiramosa, Mametella chau-
tauquae, "Nodosarchaediscus" sp., Pararchaediscus sp., P.
infantis, P. cf. P. koktjubensis, P. pachythecus, P. pauxillus,
P. stilus group, Planoarchaediscus sp., Pseudoammodiscus
priscus, Salebridae, Septabrunsiina mackeei, Skippella sp.,
"Urbanella" sp., and Viseidiscussp.
Conodont faunas from the upper Warsaw, Salem, and lowest
St. Louis formations here are sparse and include Taphrogna-
thus varians, Gnathodus texanus, Hindeodus penescitulus,
Apatognathus pinnatus, and "Spathognathodus" coalescens,
indicating position in Faunal Unit 7 (texanus Zone). The high-
est beds of the St. Louis exposed here contain such forms as
Taphrognathus-Cavusgnathus transitional form, Cavusgna-
thus unicornis, Taphrognathus varians, Hindeodus penesci-
tulus, H. scitulus, H. cf . H. pulcher, Apatognathus scalenus,
A. porcatus, and Ozarkodina laevipostica, indicating Faunal
Unit 8 (scitulus-scalenus Zone). Because of the rather short
range of the Taphrognathus-Cavusgnathus transitional form,
this fauna is judged to be very near the base of Faunal Unit 8.
Leave Stop 8 at 6:00 p.m. Drive 18 miles. Go north on 1-270
and then east on 1-70 back to Lambert International Airport.
DAY 3: ST. LOUIS TO CHESTER
Stop 9: Casper Stolle and
Falling Springs Quarries
Stop 9A: Casper Stolle Quarry
Directions Leave Drury Inn at 8:00 a.m. Drive 38 miles. Go
west on 1-70, south on 1-270, east and north on 1-255, exit
at IL 157, but cross IL 157, and then bear right to the quarry
entrance. Waivers must be signed, and hardhats and boots
must be worn in this and the next quarry. Allow 70 minutes for
this stop.
Description Stop 9A shows the upper Salem Limestone,
the entire St. Louis Limestone, and the lower Ste. Genevieve
Limestone, forming the middle to late Meramecian and early
Chesterian, all within the upper part of the Visean (figs. 26
and 27). The Ste. Genevieve Limestone and its equivalents
formed the basis for the Genevievian "Stage" erected by
Swann (1963), which was not rigorously defined by modern
biostratigraphic standards and is more appropriately con-
sidered a regional substage. More interpretive detail on the
succession in the quarry is available in guidebooks by Lasemi
et al. (1999) and Norby and Lasemi (2000). The following dis-
cussion is a summary of the information in those guidebooks.
The Salem Limestone consists of 80 to 100 feet of upward-
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^^ H I 12 Limestone, light gray to light greenish gray, argillaceous, bioclastic wackestone capped by bioclastic gramstone and lime
mudstone.
Limestone, light gray, poorly sorted bioclastic gramstone, partly oolitic, lew solitary rugose corals.
Limestone, bioclastic wackestone and packstone, a medium orange-brown, microcrystalline dolomite near the middle.
Limestone, light gray, well-sorted, oolitic gramstone with some forams and echinoderm fragments.
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Limestone, light to medium gray-gray brown, finely bioclastic lime mudstone capped by a light greenish gray,
argillaceous, microcrystalline dolomite.
Limestone, greenish gray, well-sorted, sandy, bioclastic, peloidal, lenticular gramstone sand bar.
Limestone, light gray, well-sorted and rounded, fine-grained, bioclastic, peloidal, oolitic, slightly sandy, cross-bedded,
coalescing gramstone bars; the unit capped by a dark brown, cemented algal-serpulitic ( ? ) boundstone.
/ * I^Xll7
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Limestone, lower part is mottled (algae) lime mudstone; the rest is sandy and shaley oncolitic limestone, partly slightly
oolitic, grades into oolitic gramstone above.
"Lost River Chert" zone, interbedded wackestone and lime mudstone with bryozoans, several chert-bearing zones, light gray
and dark brown with orange rind, bryozoan-rich, top unit a crinoidal-bryozoan grainstone
Limestone, in part dolomitic, bioclastic gramstone in lower part and bryozoan-rich wackestone in upper part
Limestone, wackestone in the lower part becoming mostly packstone in the upper part, all bioclastic
Limestone, dolomitic wackestone and lime mudstone, and dolomite; wackestone is finely bioclastic.
Limestone, interbedded packstone, wackestone. and some gramstone, bioclastics, base peloidal and slightly oolitic, upper half
cherty, lime mudstone at top (unit 25), slightly cherty with some ostracodes, top erosional and shaley.
Limestone, finely bioclastic wackestone, cherty at top, unit capped by a light yellow-brown, microcrystalline dolomite.
Limestone, light greenish gray lime mudstone. argillaceous with a few small lenses of bioclastic limestone
IX -IX Limestone, bioclastics wackestone with a few rugose corals, slightly cherty
Limestone, very light brownish gray, well-sorted, crinoidal, bryozoan, foraminiferal gramstone, slightly cherty. intraclastic and
oncolitic at base; grades into a lime mudstone that is stromatolitic in the lower part and heavily burrowed in the upper part, top is
a light greenish gray, silty, argillaceous dolomite (unit 32)
:zr
Limestone, a pelleted, foraminiferal, oncolitic packstone. some ostracodes in lower part; grades into oncolitic. dolomitic, partly
fenestral wackestone and lime mudstone with a few thin shaley limestone and shale beds
LLZD«~
Limestone, base shaley lime mudstone, arenaceous, fenestral with calcite pseudomorphs after gypsum, rest partly pelleted with
some ostracodes, collapse breccia with green, argillaceous matrix near the middle (unit 40)
Limestone, very fine-grained, laminated, cherty calcisiltite. appears crystalline
Limestone, medium gray-brown, burrowed, lime mudstone, in part wackestone, pelleted argillaceous at top. large colonial coral
(Acrocyathus) in the upper foot.
Limestone, medium gray-brown, fine- to medium-grained, bioclastic, peloidal, foraminiferal grainstone, slightly siliceous in lower
half, an argillaceous wackestone near the middle
Limestone, lime mudstone, medium gray, fenestral; lower part light olive gray, argillaceous, silty. slightly cherty
Limestone, light to medium gray-brown lime mudstone and wackestone, oncolitic.
7 5
pq54
Limestone, medium gray-brown, fine- to medium-grained, peloidal, foraminiferal grainstone with some pseudo-ooids.
Dolomite, collapse breccia, and limestone (lime mudstone), dolomite is soft, microcrystalline, and laminated (stromatolitic);
burrowed lime mudstone at top
Limestone, primarily a lime mudstone, oncolitic, partly dolomitic, pelleted, silty, and stromatolitic; some fenestral. oncolitic.
pelletal, argillaceous wackestone (unit 54) with ostracodes, top brecciated, karstic surface (?).
T~X ±Z 56
Limestone, light brownish gray, medium-grained, sorted and rounded, biclastic grainstone with common forams and some coated
grains (pseudo-ooids) and peloids
Limestone, argillaceous, bioclastic wackestone, partly laminated, shale, dark gray; dolomite, argillaceous, partly cherty, siliceous,
and laminated.
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Figure 26 Location of Stop 9A, Casper Stolle Quarry, NW'A Sec. 13 ext. and NE 1/4 Sec. 14 ext., T1N, R10W,
St. Clair County, Illinois, Cahokia Quadrangle. The section is from Lasemi et al. (1999, p. 44). See figure 27
for location of microfossil samples. Legend for figure 26 is located on page 29.
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Figure 27 Location of Stop 9A, Casper Stolle Quarry, NW 1/4 Sec.
13 ext. and NE 1/4 Sec. 14 ext., T1N, R10W, St. Clair County, Illinois,
Cahokia Quadrangle. The section was measured by Paul Brenckle
and John Baesemann.
29
c
oO
CD
C
o
00
CD
E
_Tl jjS 13
C/)
shoaling shallow marine cycles in this Not Measured
area. Its upper contact is a thin karstic
surface that is conglomeratic to micro-
brecciated.
The St. Louis Limestone is subdi-
vided into two informal members.
The lower St. Louis is dominantly
lime mudstone with fenestral ("birds
eye") fabric, stromatolitic lamination,
mudcracks, oncolites and peloidal
limestones, microcrystalline dolomite
beds, and collapsed breccia beds at-
testing to dissolution of evaporites. All
of these features indicate deposition
in restricted peritidal to arid lagoonal
environments. Several oncolitic, pel-
oidal, skeletal packstone-grainstone
beds that are intraclastic at the base
probably represent tidal channel de-
posits. The bed containing the coral
Acrocyathus ("Lithostrotionella') in the
lower St. Louis at this stop and in the
Salem Limestone southward at Prairie
du Rocher strongly suggests basin-
ward gradation of the St. Louis into the
more open marine Salem (see fig. 24).
Above a greenish shaly zone, the up-
per St. Louis is more open marine pel-
oidal-skeletal wackestone-packstone
with the bryozoan-rich "Lost River
Chert" zone at the top.
Calcareous microfossils were collect-
ed in November 1990 when the quarry
extended only into the middle of the
St. Louis Limestone; the lower St.
Louis was collected across the Missis-
sippi River at Bussen Quarry (Locality
9c; fig. 28). The assemblage at these
two quarries resembles that reported
from Meramec Highlands Quarry
(Stop 8) and vicinity, with the addition
of Consobrinella sp., encrusting fora-
minifers (calcivertellins/calcitornellins),
Endostaffella discoidea, Endothyra bowmani group, E. phrissa, and Pseudoglomospira sp. The
St. Louis-Ste. Genevieve contact is the Meramecian-Chesterian boundary (Maples and Waters
1987). Conodont work from Rexroad and Collinson (1963) and from Norby and Lasemi (1999)
who found Synclydognathus geminus (Hinde) at the top of the Lost River Chert indicates a time
break between the two formations and series. Conodont collections include a diverse upper St.
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Figure 28 Locality 9c, Bussen Quarry, WVaSW^ Sec.
7 ext., T43N, R7E, St. Louis County, Missouri, Oakville
Quadrangle. Measured by Paul Brenckle and John
Baesemann.
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Figure 29 Location of Stop 9B,
Falling Springs Quarry, NW 1/4SE 1/4
Sec. 14ext.,T1N, R10W, St. Clair
County, Illinois, Cahokia Quadran-
gle. Measured by Paul Brenckle
and John Baesemann.
Louis assemblage of Cavusgnathus unicornis, Taphrog-
nathus varians, Taphrognathus-Cavusgnathus transitional
form, Apatognathus porcatus, Apatognathus geminus, Apa-
tognathus scalenus, Ozarkodina laevipostica, Cavusgna-
thus charactus, Hindeodus penescitulus, and Hindeodus
scitulus, characteristic of Faunal Unit 8 (scalenus-scitulus
Zone). In addition, Lochriea commutata appears in sample
37, followed closely by Paragnathodus homopunctatus in
sample 40 of the Casper Stolle section in figure 27. These
latter elements are typically well developed in overlying
Faunal Unit 9 of the Ste. Genevieve Limestone.
The Ste. Genevieve Limestone, named from the town 40
miles to the south, forms the base of the Chesterian and
is typified by lenticular cross-bedded, partly arenaceous
oolitic grainstone, with some lime mudstone and dolomite.
Shaly beds with oncolites at the base represent the trans-
gressive deposits on the disconformity at the top of the St.
Louis. The lower Ste. Genevieve Limestone here contains
Aoujgaliaceae, Asphaltinella sp., Asphaltinoides mac-
adami, Brunsia sp., Earlandia spp., encrusting foraminifers
(calcivertellins/calcitornellins), Endostaffella discoidea, E.
kibiensis, Endothyra bowmani group, E. phrissa, endothy-
rids, "Nodosarchaediscus" sp., Planoarchaediscus sp.,
Paraarchaediscus sp., P. pauxillus, Pseudoammodiscus
sp., Pseudoglomospira sp., and Salebridae. Conodont fau-
nas from the Ste. Genevieve at this location are sparse,
commonly abraded, and very generalized, including Cavus-
gnathus unicornis, C. regularis, Hindeodus cristulus, and
Magnilaterella robusta. The defining elements of Faunal
Unit 9, such as Rhachistognathus n. sp., Gnathodus bilin-
eatus, and Gnathodus girtyi, have not been recovered. In
addition, as indicated earlier, Lochriea commutata and Pa-
ragnathodus homopunctatus are found slightly below where
they would be expected. Many Ste. Genevieve samples
were barren of conodonts.
Leave Stop 9A at 10:00 a.m.
Stop 9B: Falling Springs Quarry
Directions Drive less than 1 mile. Drive west and then
south onto the quarry entrance road. Allow 40 minutes for
this stop.
Description Falling Springs Quarry, which is a continu-
ation of Casper Stolle, shows the upper part of the Ste.
Genevieve Limestone and the lower beds of the Aux Vases
Sandstone above the base of the Chesterian.
The Aux Vases Sandstone is named from a river in Ste. Genevieve County, Missouri, 40 miles
to the south. The Aux Vases is a very sandy limestone at this locality and is the first major sand-
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dominated unit above the underlying Mississipppian carbonate succession (fig. 29). The Aux
Vases represents the beginning of the alternation of coarse siliciclastic and limestone formations
that characterize most of the Chesterian (and late Visean-Serpukhovian) in the Illinois Basin.
The Chesterian is discussed at most of the remaining stops.
Calcareous microfossils from the upper Ste. Genevieve in this quarry include an assemblage
similar to that in the lower Ste. Genevieve with the addition of the first Asteroarchaediscidae (As-
teroarchaediscus sp. and Neoarchaediscus sp.), Mediocris breviscula, Paraarchaediscus stilus
group, and Trepeilopsis sp. Conodont faunas from this quarry are sparse and include Cavus-
gnathus unicornis, C. altus, Hindeodus cristulus, and Magnilaterella robusta. These species are
non-diagnostic but are Chesterian in age.
Leave Stop 9B at 10:50 a.m.
Stop 10: Columbia Road Cut
Directions Drive 1 1 miles. Return to IL 157, then go left under the bridge, then right onto I-255
south, and then south on IL 3 to its intersection with IL 158. Be careful to stay off this busy high-
way, and watch for loose rocks high on the road cut. Allow 30 minutes for this stop.
Description Stop 10 shows the lower and upper Warsaw Formation with the mid-Warsaw
Osagean-Meramecian boundary and, to the southeast, the lower Salem Limestone and its basal
contact (fig. 30). Most of the description is summarized from Lasemi et al. (1999) and Norby and
Lasemi (2000).
The lower Warsaw is dominantly shale with interbeds of crinoidal-bryozoan limestone and argil-
laceous silty finely crystalline dolomite containing small geodes of pink dolomite. Brachiopods
are common in some beds. This facies is the more seaward facies of this unit seen at Stop 3,
135 miles northward, where the unit is less fossiliferous and has much larger and more abun-
dant geodes of pedogenic origin. The upper contact is still relatively sharp and was probably
subaerially exposed, although not for as long a time as to the north.
The upper Warsaw is primarily cross-laminated crinoidal-bryozoan grainstones with brachiopods
and molluscs, representing an even more open marine, wave-affected environment.
The Salem Limestone exposed southward along the road cut contains cherty spiculitic lime
mudstone at the base, which is interpreted to represent a deeper-water facies. This unit is over-
lain by locally cross-laminated skeletal-peloidal grainstones with rounded, often thinly coated
(pseudo-oolitic) grains, representing wave-washed open marine shoals. Conodonts reported
from this locality by Collinson et al. (1981
,
p. 36) are dominated by Gnathodus texanus and
Taphrognathus varians, indicating Faunal Unit 7 (texanus Zone).
Leave Stop 10 at 1 1:40 a.m. Drive 12 miles. Go south on IL 3 and then west on IL 156 for lunch
in Foster Pond. Leave at 1 p.m. Drive 4 miles. Proceed west on IL 156 to the driveway of the
Richard Weaver family. Park on the flat area to right.
Stop 11: Dennis Hollow
Directions Be respectful of private property and be careful crossing the bridge and climbing
along the bluff. Allow 40 minutes for this stop.
Description Stop 1 1 shows the southern facies of the late Kinderhookian and early Osagean
and an exposure close to the Tournaisian-Visean boundary (fig. 31). This facies is also the lower
part of the type section of the Valmeyeran Series, a term used in Illinois to refer to the Osagean
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Units 1-9 (33.3 feet). Limestone, grainstone predominates, light brownish gray, weathers tan to light gray,
fine- to medium-grained with some very fine- and coarse-grained, bioclaslic, primarily echmoderm and
bryozoan, rare forams and gastropods; Unit 1 , heavily burrowed ( 77)a/ass/no/des-type) in upper part; Unit 2,
rusty weathering beds with some glauconite, Unit 3, a line of concentrically banded spheroidal to elongate
chert near the base; Unit 4, cross-laminated; Unit 5, finely laminated with occasional chert and escape
burrows; Unit 6, lime mudstone to wackestone, argillaceous and dolomitic with some chert; Unit 8, nodular
chert bed at top; Unit 9, massive dolomite to dolomitic limestone, some coated grains (pseudo-ooids).
Units 10 and 11 (8.0 feet). Limestone, grainstone. medium gray fresh, weathers yellowish brown, very-fine to
medium-grained, bioclastics as above and some pseudo-ooids (?), cross-bedded, probably a channel; Unit 1
1
partially dolomitized, channelized into underlying unit
Unit 12 (6.0 feet). Limestone, mostly lime mudstone with some dolomite, brown to grayish brown fresh, tan
to light-gray weathered, dolomitic in lowest and upper parts, siliceous, abundant sponge spiculus, laminated,
thin- to very thin-bedded; generally very cherty. cherts mottled white to light to dark gray to orange and brown.
Unit ranges up to 9.5 feet because of channeling.
Upper Warsaw Formation
Unit 13 (10 5 feet). Limestone, light-gray, thin, nodular-bedded, medium-grained, moderately well-sorted,
crinoidal-bryozoan grainstone; similar to Kidd Member (Baxter 1960).
Unit 14 (3 feet). Limestone, medium gray to brownish gray, medium to coarse, cross-bedded, crinoidal,
bryozoan, and brachiopod grainstone, well rounded and moderately sorted with common coated grains and
rare forams.
Unit 15 (4 feet), 18 (4.5 feet) and 20 (0.7 feet). Dolomite, argillaceous to very argillaceous, light to medium
olive-gray to blue-gray with small geodes and shale, dark blue-gray, dolomitic (?).
Unit 16 (4.6 feet). Limestone, medium gray with reddish brown tinge, medium to coarse, bioclaslic packstone
with dolomitic matrix; allochems include crinoids. bryozoans (some large, encrusting type?), brachiopods, and
rare gastropods and bivalves. Some rip-up clasts and/or scour-filled lime mudstone. Unit appears to be
laterally equivalent to Unit 19.
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Unit 17 (3.5 feet). Limestone, argillaceous, light olive gray, weathers very light gray, heavily
burrowed at top, bioclastics (primarily crinoids, bryozoans, and brachiopods), wackestone and some
packstone.
Unit 19 (6.5 feet). Limestone, gray to medium dark gray, medium-grained, bioclastics (echmoderms
bryozoans, brachiopods, and rare forams and gastropods), grainstone, poorly sorted, common lime
mudstone rip-up clasts, laminated to cross-laminated.
Lower Warsaw Formation
Units 22-29 (66.7 feet). Shale, limestone, and argillaceous dolomite; shale, dark olive-brown, light
blue-gray weathered, in part dolomitic; grainstone and some packstone, light to dark gray, gray to
brown weathered, some green tinge, fine- to coarse-grained, often poorly sorted bioclastics
(primarily bryozoans and echmoderms), in part argillaceous and slightly glauconitic, many large
brachiopods in some beds; laminated to cross-laminated (hummocky) in some beds, small calcite
and chalcedony nodules, some siliceous zones; dolomite, mainly in Units 22 and 23, light olive-gray,
weathers tan, microcrystalline, silty, argillaceous; some pink dolomite and calcite geodes, locally
fossiliferous. some silicified Thalassinoides-lype burrows; a few very thin to nodular discontinuous
chert and soft siliceous beds; approximately 30 feet covered (presumably shale) in lower part
M W P W 0-1-
Figure 30 Location of Stop 10, Columbia road cut, southwest side of IL 3 at its junction with IL
158, from SE 1/4 Sec. 22 through SW 1/4 Sec. 23 to NW 1/4 Sec. 26, T1S, R10W, Monroe County,
Illinois, Columbia Quadrangle. The section is from Lasemi et al. (1999, p. 34). Legend also ap-
plies to Casper Stolle section (Stop 9A, fig. 26) of Lasemi et al. (1999). Legend is located on
page 29.
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plus Meramecian and basal Cheste-
rian interval. The top of the Kinder-
hookian is represented by the top of
the Hannibal Shale and the overly-
ing Chouteau Limestone. The lower
Osagean is represented by the Fern
Glen Formation, possibly some up-
per Burlington, and the lower Ke-
okuk Limestone.
The Hannibal Shale, previously
seen at Stop 1 over 100 miles to
the northwest, is in its thinner, more
basinal green-gray, less silty shale
facies here. The Hannibal Shale
rests on Ordovician rocks near here
and contains an abundant lower
and middle Kinderhookian conodont
fauna with some Upper Devonian
Famennian reworking in its lower
part.
The Chouteau Limestone is also
much thinner at this locale than at
Stop 4, about 40 miles to the north,
but is lithologically not much differ-
ent. Its upper contact is still sharp,
marking the abrupt, presumably
still disconformable Kinderhookian-
Osagean boundary even into this
more basinal region. Conodonts
from the Chouteau here include
Siphonodella cooperi, Gnathodus
delicatus, Polygnathus symmetricus,
and P. communis communis and be-
long in Faunal Unit 1 F, as at Stop 4.
The Fern Glen Formation of alter-
nating calcareous shale and shaly
limestones is only about 25 feet thick
at this location, but is equivalent to
much of the Burlington Limestone, 80
feet thick at Gray's Quarry (Stop 2),
145 miles to the north. The Fern Glen
represents the basin marginal facies
around the lower edge of the Burlington Shelf (Lane 1978). Fern Glen and Burlington calcareous
microfossils are sparse and reflect the deeper-water environment. They include Earlandia spp.,
Mametella chautauquae, Salebridae, Stacheia sp., and Sphaerinvia piai. The lowest conodont
sample in the Fern Glen (sample 3) includes Polygnathus communis carinus, P. communis com-
munis, and Gnathodus typicus and belongs in Faunal Unit 3A. This faunal unit is succeeded in
-2
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Figure 31 Location of Stop 1 1 , Dennis Hollow, a bluff and side of
a ravine north of IL 156 and east of old Valmeyer, NW 1/4SW 1/4SW 1/4
Sec. 2, T3S, R1 1W, Monroe County, Illinois, Valmeyer Quadrangle.
The lower part of type Valmeyeran was measured by Richard Lane
and Paul Brenckle.
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samples 4 through 7 by a fauna containing the following species: Pseudopolygnathus multistria-
tus, Bactrognathus hamatus, Polygnathus communis communis, and Gnathodus typicus, which
represent Faunal Unit 3B (multistriatus Zone). Still higher, samples 8 to 16 contain abundant
conodonts including Protognathodus cordiformis, Pseudopolygnathus oxypageus, Bactrogna-
thus excavatus, B. hamatus, B. distortus, Scaliognathus anchoralis anchoralis, Gnathodus sub-
bilineatus, Staurognathus cruciformis, Doliognathus latus, D. dubius, Polygnathus communis
communis, and "Spathognathodus" macer and represent Faunal Unit 4L (latus Zone). The evo-
lutionary change from Scaliognathus anchoralis europensis to S. anchoralis anchoralis is judged
to be near the Tournaisian-Visean boundary (Lane and Zeigler 1983), which must lie just above
sample 13 at this locality. Samples 17 to 20 include the conodonts Bactrognathus lanei, B. ex-
cavatus, B. hamatus, "Spathognathodus" macer, Doliognathus latus, Cudotaxis priceslingi, and
Idioprioniodus conleyharpi, representing Faunal Unit 4U (lanei Zone). The overlying succession
of less shaly, cherty limestones is in part equivalent to the uppermost Burlington, but mainly rep-
resents the Keokuk Limestone. Conodonts typical of the Cedar Fork Member of the upper Burl-
ington have not yet been found at Dennis Hollow, but may be present in the remaining Burlington
here.
Leave Stop 1 1 at 1:50 p.m.
Stop 12: Modoc South
Directions Drive 28 miles. Drive west 1 mile into old Valmeyer and then south on Bluff Road
to a mine entrance in the Salem Limestone just north of Prairie du Rocher for a brief stop honor-
ing James Baxter, a deceased emeritus member of the Illinois State Geological Survey (ISGS).
(See memorial near the front of this guidebook.) Proceed on to low rock bluff, 2.4 miles beyond
Modoc; park on the southwest side just west of the home of owner Ruth Franklin. Please be re-
spectful of private property and be very careful climbing up around the bluff in terms of both safe
footing and poison ivy. Allow 60 minutes for this stop.
Description Stop 12 shows a succession of early to middle Chesterian strata from the Riden-
hower Formation through Cypress Sandstone and Beech Creek Limestone to the Fraileys Shale
(fig. 32). These units are separated from the Aux Vases Sandstone (Stop 9B) by the Renault
Limestone, Yankeetown Sandstone, Downeys Bluff Limestone, and Bethel Sandstone, which will
not be visited on this trip. Units from the Yankeetown Sandstone through the Beech Creek Lime-
stone were assigned to the Gasperian "Stage" (more appropriately Substage) by Swann (1963)
but without rigorous modern biostratigraphic standards of definition.
The Ridenhower Formation, named from the Vienna area of southern Illinois, is a limestone here
that is well exposed in the low cliff and for a short distance upstream. The Ridenhower ranges
from massive cross-bedded oolitic calcarenites to thinner bedded shaly and sandy packstones
and wackestones; macrofossils are conspicuous at several levels. Rexroad (1957) reported from
a thin shaly bed above the waterfall conodont fauna including Cavusgnathus unicornis, Vogelg-
nathus campbelli, and Hindeodus cristulus and from a nearby locality Gnathodus modocensis
(names updated by H.R. Lane). These conodonts are typical of Faunal Unit 10 (Upper bilineatus
Zone). Spot samples from the Ridenhower at various localities yielded the following calcareous
microfossils: Asteroarchaediscus sp., A. rugosus group, Earlandia spp., encrusting foraminifers
(calcivertellins/calcitornellins), Endotaxis sp., endothyrids, Endostaffella sp., Mediocris brevis-
cula, Neoarchaediscus sp., Paraarchaediscus sp., Planospirodiscus sp., Pseudoglomospira sp.,
Salebridae, and Trepeilopsis sp.
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FORMATION SERIES
FRAILEYS SHALE
Limestone, gray, argillaceous, fossil fragments.
Shale, gray, calcareous, silty.
Shale, gray, calcareous, with thin brownish gray
limestone lenses; lower part covered.
BEECH CREEK LIMESTONE
Limestone, light brownish gray, partly argillaceous,
fossil fragments.
Limestone, brownish gray, oolitic, fossil fragments.
CYPRESS SANDSTONE
Shale, light gray, calcareous, silty; most of unit is
covered.
Shale, gray, arenaceous, grading upward into
argillaceous siltstone and sandstone; lower part
covered.
J\RIDENHOWER FORMATION
Limestone, gray, arenaceous; top of waterfall.
Limestone, gray, oolitic, fossiliferous.
Limestone, gray.
Limestone, gray, arenaceous, ripple-marked.
Limestone, gray, with red and green in middle part,
argillaceous, partly arenaceous, fossiliferous.
Limestone, gray, arenaceous, massive, oolitic,
cross-bedded.
_
Limestone, gray, fossiliferous.
Shale, greenish gray, with gray limestone lenses.
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Figure 32 Location of Stop 12, Modoc South, waterfall and ravine in bluff line, 2.4 miles
southeast of Modoc, NW 1/4NW 1/4 Sec. 9, T6S, R8W, Randolph County, Illinois, Prairie du
Rocher and Evansville Quadrangles. The section is from Collinson et al. (1979, p. 85).
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The Cypress Sandstone, named from the Anna area (west of Vienna) in southern Illinois, is
poorly exposed in cutbanks above the Ridenhower.
The Beech Creek Limestone, named from southwestern Indiana, is fairly well exposed in the
creek banks and bed some distance upstream. The Beech Creek is fossiliferous, dominantly
crinoidal packstone. Furnish and Saunders (1971) described a new species of Lyrogoniatites
(now Neoglyphioceras, according to D.M. Work), a late Visean ammonoid close to the basal
Namurian, from the Beech Creek Limestone at the Hecker Quarry, a locality about 20 miles to
the north.
The Fraileys Shale, named from southeastern Illinois, is a heterogeneous unit that is poorly ex-
posed in the broader terrace above the Beech Creek, except for lenses of crinoidal limestone in
the creek bed. Furnish and Saunders (1971) and Manger and Sutherland (1984) believe that the
base of the Namurian/Serpukhovian could be as low as the Fraileys, based on the occurrence of
latest Visean Lyrogoniatites (Neoglyphioceras) in the underlying Beech Creek Limestone.
Leave Stop 12 at 3:50 p.m.
Stop 13: Old Randolph Stone Company Quarry
Directions Drive 2 miles. Bear left before crossing the railroad and park off the road on the
right. Be careful of poison ivy, brambles, and loose rocks on the highwall. Allow 30 minutes for
this stop.
Description Stop 13 shows the middle Chesterian Haney Limestone, Hardinsburg Sandstone,
and Glen Dean Limestone (fig. 33). Only the Haney Limestone is readily accessible. These three
formations along with the underlying Fraileys Shale were assigned to the Hombergian "Stage"
(more appropriately Substage) by Swann (1963), again without rigorous modern biostratigraphic
standards of definition. The Visean-Serpukhovian/Namurian boundary could fall within this suc-
cession.
The Haney Limestone, named from southeastern Illinois, overlies the Fraileys Shale, which was
poorly exposed at the previous stop. At Stop 13 the Haney is dominantly light gray oolitic lime-
stone with zones of skeletal-dominated limestone and some dolomitic lenses. A zone near the
middle weathers such that the whiter ooids stand out distinctly from the gray matrix. This zone
has been termed the "Marigold Oolite" from a nearby village. Rexroad and Jarrell (1961) report
a conodont fauna from this location dominated by Cavusgnathus unicornis, with scattered oc-
currences of Gnathodus bilineatus, G. girtyi, and Lochriea commutata. These conodonts also
belong in Faunal Unit 10 (Upper bilineatus Zone). Calcareous microfossils from spot samples in
the Haney include Earlandia spp., Endostaffella? sp., Endothyra sp., and Pseudoglomospira sp.
The Hardinsburg Sandstone was named from Kentucky about 200 miles to the east, where it is
dominantly sandstone. At this stop, the Hardinsburg is predominantly shale with a shaly lime-
stone bed in the middle. Spot samples from the Hardinsburg contain the calcareous microfossils
Asphaltinoides macadami, Earlandia spp., and Endothyra sp.
The Glen Dean Limestone will be examined at the next stop. Spot samples here produced the
calcareous microfossils Asphaltinoides macadami and Earlandia sp.
Leave Stop 13 at 4:30 p.m.
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FORMATION SERIES
GLEN DEAN LIMESTONE
Limestone, light brownish gray, medium to coarse grained,
massive, slightly cross-bedded, fossil debris; base partly
covered.
HARDINSBURG
Shale, light brownish gray, calcareous, shaley limestone in
places; blocky to thin bedded downward, fossiliferous.
Limestone, dark gray to brownish gray, medium to coarse
grained, argillaceous in lower parts; chert, black with white
silicified fossil fragments.
Shale, dark gray to olive-gray, calcareous, bryozoans and
brachiopods common; lower part covered.
HANEY LIMESTONE
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Limestone, light gray to light brownish gray, fine to medium O
grained, some coarse beds, oolitic and cross-bedded;
fossiliferous in upper part.
Limestone, brownish gray, weathers orange, dolomitic, fine
grained.
Limestone, light gray to light brownish gray, mostly medium-
grained, oolitic, small fossil fragments.
Limestone, brownish gray, weathers orange,
dolomitic, fine grained, some bryozoans.
Limestone, light gray to light brownish gray, medium grained,
variably oolitic, basal part usually covered by talus.
Figure 33 Location of Stop 13, Old Randolph Stone Company Quarry at Roots, SE 1/4NE!4 Sec. 15 ext., T6S,
R8W, Randolph County, Illinois, Evansville Quadrangle. The section is from Collinson et al. (1979, p. 87).
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Stop 14: Coles Mill
Directions Drive 15 miles. Proceed east on the road and then go south on IL 3 through Ches-
ter, 1.2 miles beyond second junction with IL 150, south on Mill Street, down the hill and around
the curve, and park. Beware of poison ivy upstream from road culvert; be very careful along
railroad tracks and descending into the pit-like space between road culvert and railroad culvert.
Allow 50 minutes for this stop.
Description Stop 14 shows the middle Chesterian Glen Dean Limestone, Tar Springs Sand-
stone, and Vienna Limestone (fig. 34). The Visean-Serpukhovian boundary could fall within this
succession.
The Glen Dean Limestone was also named from Kentucky, 200 miles to the east. At this stop,
the top is a ledge of conspicuously fossiliferous skeletal packstone, which is exposed at the
top of the road embankment above the railroad track and also in the creek bed upstream from
the road culvert where it overlies several feet of fossiliferous shale. The middle part and the top
of the oolitic lower part is exposed in the embankment below the road culvert, which can only
be reached by descending into a pit-like space from the railroad embankment above the rail-
road culvert. Rexroad (1957) reported conodonts from the thick shale below the top (exposed
upstream) and from a thin shale at the base of the middle part (exposed in the pit), including
Cavusgnathus convexus, C. unicornis, Kladognathus primus, K. mehli, Vogelgnathus campbelli,
Hindeodus cristulus, and Hindeodontoides spiculus (names updated by H.R. Lane). These con-
odonts are typical of Faunal Unit 10 (Upper bilineatus Zone). This section was not examined
for calcareous microfossils. Horowitz and Perry (1961) suggested that the Visean-Namurian/
Serpukhovian boundary lies just below or within the Glen Dean based on similarity of crinoid
faunas from the Glen Dean in Indiana and Kentucky with those from Great Britain. Mamet and
Skipp (1970) placed that boundary at the base of the Glen Dean in their foraminiferal zonation,
but Baxter et al. (1979) put it at the base of the Tar Springs because of similarities in the archae-
discid foraminifers from that formation with those found in the basal Namurian of Belgium.
The Tar Springs Sandstone was also named from the same part of Kentucky as the Glen Dean
and Hardinsburg, and it is one of the thickest and most persistent sandstones in the Chesterian.
At Stop 14, it is well exposed in the base of the bluff above the road east of the culvert sections
of Glen Dean, where several prominent sandstone beds are overlain by carbonaceous shale.
The Vienna Limestone at the top of the bluff here will be examined at the first stop on Day 4 of
this trip.
Leave Stop 14 at 5:50 p.m. Drive 4 miles back into Chester for overnight stay.
DAY 4: CHESTER-VIENNA AREA TO STE. GENEVIEVE
Stop 15: Grantsburg Northeast Railroad Cut
Directions Leave Chester at 8 a.m. and drive about 82 miles. Go south on IL 3, which follows
the base of the Mississippi River bluffs for a way and then passes Fountain Bluff and the town of
Grand Tower where Devonian rocks are exposed. At Ware, go east on IL 146 through Jonesboro,
Anna, Vienna, and Grantsburg to just beyond the railroad overpass, and then north on gravel
road for 0.5 mile; park and walk north along railroad track. Be careful along tracks as trains run
frequently along this line. Allow 50 minutes for this stop.
Description Stop 15 shows the early late Chesterian top of the Tar Springs Sandstone, Vienna
Limestone, and lower part of the Waltersburg Formation (fig. 35). This lower part of the upper
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FORMATION
VIENNA LIMESTONE
SERIES
Limestone, gray to dark gray, medium grained; several
thin irregular chert lenses; bryozoans abundant.
Limestone, gray; one or two dark gray chert bands,
Limestone, gray to brownish, fine to medium
grained; fossiliferous, bryozoans abundant;
shaley partings between beds; thin dark gray
argillaceous bed near base.
TAR SPRINGS SANDSTONE
Sandstone, very fine-grained, ripple-marked, small
load casts.
Shale, medium dark gray, fissile
Sandstone, very fine grained; irregular
discontinuous bedding, cuspate ripple marks,
load casts; forms persistent ledge.
Shale, medium gray, laminated, silty, with
numerous very fine-grained sandstone layers,
small-scale load casts.
Sandstone, very fine grained, calcareous,
argillaceous, irregularly bedded.
Claystone, greenish gray, slightly silty.
Sandstone, fine grained, calcareous; grades into shaley
sandstone in upper part.
Shale, gray, laminated, silty with numerous siltstone
interlaminations, some beds contorted, micro-cross-
laminated, flaser bedding.
Limestone, skeletal packstone (esp. in bank S of road).
Shale, gray to dark gray, calcareous, fossiliferous
[level of road culvert]
Limestone, thin-bedded.
Limestone, medium-bedded, partly cross-bedded.
GLEN DEAN LIMESTONE
Shale and limestone
Limestone, cross-bedded, oolitic, echinoderm debris
- - [level of railroad culvert]
s
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Figure 34 Location of Stop 14, Coles Mill at Chester, in the ravine and between culverts, SW 14NW% Sec.
30, T7S, R6W, Randolph County, Illinois, Chester Quadrangle. The section is from Collinson et al. (1 979, p.
91); the Glen Dean part has been modified by RH. Heckel.
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FORMATION SERIES
WALTERSBURG
Limestone, fossiliferous
as below
Shale bed
Limestone, bedded
skeletal packstone to wackstone
Limestone, bedded with chert,
skeletal packstone to wackstone,
fossiliferous (bryozoans, crinoids, brachiopods)
Limestone, massive, fossiliferous
skeletal packstone to grainstone
Limestone, bedded, fossiliferous
skeketal packstone to grainstone;
more massive northwards
VIENNA LIMESTONE
z
<
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Shale
Coal
Underclay
TAR SPRINGS
Figure 35 Location of Stop 15, Grantsburg northeast railroad cut, north of IL-146, SW!4NW 1/4
SE% Sec. 12, T13S, R4E, Johnson County, Illinois, Glendale Quadrangle. The section was
measured and described by R.D. Norby and J.W. Baxter and modified by RH. Heckel.
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Chesterian succession was assigned to the Elviran "Stage" (more
appropriately Substage) by Swann (1963), again without rigorous
biostratigraphic definition.
At this location, only the top of the Tar Springs is exposed, and it
consists of underclay overlain by a thin coal and a thin shale, rep-
resenting the earliest phase of transgression after a long period of
terrestrial deposition.
The Vienna Limestone, named from Vienna just west of this stop,
is a thinner limestone than most of the others in the Chesterian
and lacks the oolitic zones that are characteristic of the older lime-
stones in previous stops. The Vienna is mainly skeletal packstone
to grainstone in the lower part, grading upward to skeletal pack-
stone to wackestone above the cherty zone through the middle.
Because the type section west of Vienna is now mostly covered,
this railroad cut is regarded as the principal reference section, ac-
cording to Rodney Norby of the Illinois State Geological Survey.
Sampling for calcareous microfossils at the old type section west
of Vienna proved unsuccessful. This reference section has been
jointly collected by Norby, Rexroad, and Baxter and has been
processed for conodonts but not for foraminifers. Rexroad (1957)
reported only a ramiform conodont morphotype from another expo-
sure of Vienna at Chester. In a later study of the Vienna Limestone
(as a member of the Branchville Formation) in southern Indiana
and Illinois, Rexroad (1981, table 1) reported the following con-
odonts from it: Cavusgnathus altus, C. unicornis, Hindeodus cristu-
lus, Kladognathus mehli, K. primus, K. tenuis, and Lamdagnathus
fragilidens. These conodonts belong in Faunal Unit 10 (Upper bilin-
eatus Zone).
The Waltersburg Formation, named from Pope County just to the
east, is mostly shale with beds of siltstone and sandstone farther
to the east. The exposure of its base here is entirely shale.
Leave Stop 15 at 10:40 a.m.
Directions Drive 7 miles. Return to IL 146, go west 1 .5 miles,
turn north on the road east of the creek on the east side of Grants-
burg, approximately 2.5 miles, go east at the T-intersection, around
the bend to the north, and then east again on the gravel road,
bearing right onto the lane to the home of Jack Henshaw. Park and
walk along the disused continuation of the lane into the woods,
then south along the east side of the ridge west of the creek, and
down to the railroad tracks. Be careful of trains here, which run fre-
quently along these tracks. Allow 70 minutes for this stop.
Description Stop 16 shows the late Chesterian Menard Lime-
stone, which is definitely Serpukhovian and the highest unit that
could correlate with the base of the Serpukhovian Stage (fig. 36).
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Figure 36 Location of
Stop 1 6, Flatwoods-Ker-
ley Cemetery railroad cut,
SE 1/4NW 1/4 and SW 1/4NE 1/4
Sec. 1,T13S, R4E, John-
son County, Illinois, Glen-
dale Quadrangle. The sec-
tion was measured by Paul
Brenckle and Richard Lane.
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Figure 37 Locality 16b,
Robbs railroad cut,
NE 1/4NW 1/4 Sec. 30 to SE 1/4
Sec. 19.T12S, R5E, Pope
County, Illinois, Glendale
Quadrangle. The section was
measured by Paul Brenckle
and Richard Lane.
The Menard Limestone, named from a suburb of Chester, over-
lies the Waltersburg Formation seen at Stop 15, which is just a
little over 1 mile to the south along these tracks. The Menard is
a marine mixed carbonate-siliciclastic unit that is subdivided into
three named limestone members separated by unnamed shale
members: The lower Walche Limestone Member and the middle
Scottsburg Limestone Member were both named from western
Kentucky about 50 miles to the east of this location, and this cut
is the type section of the upper Allard Limestone Member, which
was named from this area.
The Palestine Sandstone, also named from the Chester area,
overlies the Menard and is visible at the top of the tunnel but is
not very accessible. The Palestine is terrestrial and is reported to
contain fossil tree trunks of Lepidodendron (Atherton et al. 1975).
Above the Palestine Sandstone is the Clore Formation, also
named from the Chester area, which is a marine succession of
limestone, shale, and sandstone. The Clore will not be visited
on this trip because it yielded only a sparse biota of microfossils
where collected along this same railroad at Robbs (Locality 16b;
fig. 37), just 2.5 miles to the north.
The Menard is biostratigraphically important because it contains
the first occurrences of Cavusgnathus naviculus, name-bearer
for the lower of the two late Chesterian conodont zones in the
Midcontinent and the first occurrences also of the eosigmoilinid
foraminifers, Eosigmoilina robertsoni and Brenckleina rugosa,
that are used herein to correlate with the base of the Serpukho-
vian Stage in Eurasia. This correlation is somewhat controversial
in that the base of the Serpukhovian has also been correlated
with the Tar Springs Sandstone, Glen Dean Limestone, and with
a position as low as the Fraileys Shale (Manger and Sutherland
1984, Meeks et al. 1997). The presence of Brenckleina rugosa at
the Batesville Sandstone/Fayetteville Shale contact in northern
Arkansas directly beneath reported early Eumorphoceras (early
Serpukhovian) ammonoids (Saunders et al. 1977, Baxter and
Brenckle 1982, Brenckle 1991) is the basis for the present corre-
lation within the type Chesterian.
Other calcareous microfossils in the Menard include Aoujgalia-
ceae, Aphralysia matthewsi, Archaediscus sp., Asphaltinella sp.,
Asphaltinoides macadami, Asteroarchaediscidae, Asteroarchae-
discus sp., A. baschkiricus, A. rugosus group, Earlandia spp., en-
crusting foraminifers (calcivertellins/calcitornellins), Endostaffella
sp., E. discoidea, Endothyra bowmani group, End. excellens
group, End. phrissa, Eostaffellasp., Fourstonella sp., Kokjubina-
Biseriella transition, Mediocris breviscula, "Millerella" designata,
"M."tortula, Neoarchaediscus sp., Paraarchaediscus sp., P.infan-
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tis, Planoendothyra sp., Planospirodiscus sp., Pseudoammodiscus priscus, Pseudoglomospira
sp., and Salebridae. Conodonts occurring within the Menard in the Illinois Basin include Cavus-
gnathus spp., C. naviculus, C regularis, C unicornis, Kladognathus mehli, K. primus, Magnilater-
ella robusta, Vogelgnathus campbelli, Hindeodus cristulus, and Hindeodontoides spiculus. This
fauna is typical of Faunal Unit 1 1 (naviculus Zone).
Leave Stop 16 at noon. Drive 12 miles. Return by the same route to IL 146 east of Grantsburg,
and then go west to the east side of Vienna for lunch.
Stop 17: Southern Illinois Stone Company Quarry
Directions Depart Vienna at 1 :30 p.m. Drive 1 miles. Go west on IL 1 46 through Vienna to
West Vienna, and then north on IL 37 to the quarry entrance, just over 1 mile past Buncombe.
You must sign waiver forms, wear hardhats and boots, and beware of loose rocks on the high-
walls. Allow 60 minutes for this stop.
Description Stop 17 shows the late Chesterian Kinkaid Limestone, which contains late Ser-
pukhovian microfossils (fig. 38). The Kinkaid Limestone (named from an area east of Chester)
is another largely marine carbonate-siliciclastic unit, which overlies the Degonia Sandstone
(named from the Chester area), a terrestrial formation that overlies the marine Clore Formation.
Neither the Degonia nor the Clore (which yielded only a sparse biota of calcareous microfos-
sils at Locality 16b [fig. 37], about 14 miles to the east) will be visited on this trip. The Kinkaid
is subdivided into three members. In ascending order, these are the Negli Creek Limestone
Member (named from southern Indiana), Cave Hill Shale Member (named from southeastern
Illinois about 30 miles to the northeast), and Goreville Limestone Member (for which this quarry
is the type section). All three members of the Kinkaid Limestone contain conodonts of the upper
Cavusgnathus naviculus Zone and late Serpukhovian foraminifers resembling those found in the
Pitkin Limestone and Imo Formation of northern Arkansas. The uppermost Chesterian Grove
Church Shale (seen at Stop 18) is absent at this locality, where the Kinkaid is overlain uncon-
formably by the Wayside Member (named from this area) of the Early Pennsylvanian (Morrowan/
Bashkirian) Caseyville Formation (named from Kentucky).
Overlying the Negli Creek Limestone Member is the Cave Hill Shale Member. It contains a con-
spicuous red mudstone unit with caliche nodules, signifying the origin of this part as a paleosol
and indicating a break in marine sedimentation within the Kinkaid Limestone. Marine beds of
this member are accessible both above and below the paleosol.
Overlying the Cave Hill Shale Member is the Goreville Limestone Member, which among all
members contains the most abundant biota of calcareous microfossils. These include Aouj-
galiaceae, Aphralysia sp., Archaediscus sp., Asphaltina cordillerensis, Asphaltinella sp., As-
teroarchaediscus sp., A. baschkiricus, A. rugosus group, Betpakodiscus sp., Biseriella parva
group, Brenckleina rugosa, Consobrinella sp., C. aspera, Earlandia spp., encrusting foramini-
fers (calcivertellins/calcitornellins), Endostaffella sp., E. discoidea, Endothyra sp., E. bowmani
group, E. excellens group, E. phrissa, Eosigmoilina robertsoni, Eostaffella sp., E. chesterensis,
E. kinkaidensis, E. proikensis, Eostaffellina sp., Kasachstanodiscus sp., Koskinobigenerina sp.,
Loeblichia? sp., aff. Masloviporidium sp., primitive Millerella sp., "Millerella" cooperi, "M." desig-
nata, "M."tortula, Monotaxinoides subconicus, Neoarchaediscus sp., "Nodosarchaediscus" sp.,
Palaeotextularia sp., Paraarchaediscus sp., P. cf. P. koktjubensis, P. stilus group, Planoendothyra
sp., Planospirodiscus sp., Pseudoammodiscus priscus, Pseudoglomospira sp., Salebridae, Sta-
cheia sp., Trepeilopsis sp., and Turrispiroides cf. T. multivolutus. Conodonts from this quarry in-
clude Cavusgnathus naviculus, C. unicornis, C. altus, Vogelgnathus campbelli, Hindeodus cristu-
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BASE OF
QUARRY
Figure 38 Location of Stop 17, Southern Illinois Stone Company Quarry, north of
Buncombe, NW 1/4 Sec. 1 1 , T1 2S, R2E, Johnson County, Illinois, Vienna Quadrangle.
The section was measured by Paul Brenckle and Richard Lane.
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lus, Magnilaterella robusta, Lambdagnathus fragilidens, and
Hindeodontoides spiculus. These species belong in Faunal
Unit 11 {naviculus Zone).
Above the Goreville Limestone Member is the lower Penn-
sylvanian Wayside Member, which is primarily a sandstone
containing abundant plant material. This material is well
preserved in what appears to be tidally influenced sediment
that was deposited in a broad paleovalley that developed
during incision of the late Mississippian Grove Church
Shale, which is seen overlying the Goreville Limestone at
the next stop, about 5 miles to the northwest.
Leave Stop 1 7 at 2:50 p.m.
Stop 18: Cedar Grove Church Northwest
Directions Drive about 9 miles. Go south on IL 37, west
into Buncombe on first street 3 blocks, north then north-
west for more than 3 miles on county road, then north and
northwest just over 1 mile on County Road 4, then sharp
east and north 0.7 mile, and then northwest at Cedar Grove
Church about 0.4 mile uphill. Beware of poison ivy. Allow 50
minutes for this stop.
Description Stops 18 shows the type Grove Church
Shale, the youngest Mississippian unit in the Illinois Basin,
the underlying Goreville Limestone Member of the Kinkaid
Limestone, and the overlying lower beds of the Early Penn-
sylvanian (Morrowan) Wayside Member of the Caseyville
Formation.
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Figure 39 Location of Stop 18A,
Cedar Grove Church northwest
road cut (type Grove Church
Shale), SE 1/4NE 1/4NW 1/4 Sec. 31,
T11S, R2E, Johnson County, Il-
linois, Lick Creek Quadrangle. The
section was measured by Paul
Brenckle and Richard Lane.
The Grove Church Shale (uppermost member of the
Kinkaid, as used by the ISGS), is a marine deposit with
discontinuous distribution. It was dissected by paleo-valley
formation during the Mississippian-Pennsylvanian discon-
formity, which is considered to represent much less time
at this stop location than at the region to the north. At Stop
18A (fig. 39), the type Grove Church section in the road
ditch has deteriorated to the point that only three, thin intercalated limestones are now exposed.
The formation is similarly covered nearby at Stop 18B (fig. 40) in the gully to the west, where,
however, the upper Goreville and basal Wayside are relatively well exposed.
The type Grove Church contains the name bearer of the Adetognathus unicornis conodont zone
and was the site of early foraminiferal studies (Cooper 1947) where Consobrinella aspera, En-
dothyra acuta, E. excentralis, Eostaffella chesterensis, E. kinkaidensis, E? zelleri, Glomospira
disca (?Eosigmoilina), and Trepeilopsis mississippiana were first described from the shale beds.
Other calcareous microfossils from the intercalated limestones include Asteroarchaediscinae,
Asteroarchaediscus rugosus group, Earlandia spp., encrusting foraminifers (calcivertellins/calci-
tornellins), and Eosigmoilina robertsoni.
The Goreville Limestone Member in the gully section (Stop 18B) contains Aoujgaliaceae,
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Figure 40 Location of Stop 18B,
Cedar Grove Church northwest
ravine, just west of the road in
SE 1/4NE 1/4NW 1/4 Sec. 31.T11S,
R2E, Johnson County, Illinois, Lick
Creek Quadrangle. The section
was measured by Paul Brenckle.
Archaediscus sp., A. swanni, cf. Archaeolithophyllum sp., As-
phaltina cordillerensis, Asphaltinella bangorensis, A. horow-
itzi, Asphaltinoides macadami, Asteroarchaediscidae, As-
teroarchaediscus sp., A. baschkiricus, A. rugosus group, Bet-
pakodiscus sp., Biseriella parva group, Brenckleina rugosa,
Climacammina sp., Consobrinella sp., C. aspera, Earlandia
spp., encrusting foraminifers (calcivertellins/calcitornellins),
Endostaffella discoidea, Endotaxis brazhnikovae, Endothyra
bowmani group, E. phrissa, Eolasiodiscus sp., Eosigmoilina
robertsoni, Eostaffella sp., E. chesterensis, E. kinkaidensis,
E. proikensis, Eostaffellina sp., Fourstonella sp., Kasach-
stanodiscus sp., Koskinobigenerina sp., Koskinotextularia
sp., Mediocris breviscula, primitive Millerella sp., "Millerella"
cooperi, "M." designata, "M."tortula, Monotaxinoides subconi-
cus, M. aft. M. subplanus, Neoarchaediscus sp., A/, aft. /V. bo-
rea//s, A/, altiluminis, N. aff. A/, probatus, Palaeotextularia sp.,
Paraarchaediscus sp., ft sWus group, Planoendothyra aff. ft
aljutovica, Planospirodiscus cf. P taimyricus, Plectostaffella
sp., Pseudoammodiscus sp., Pseudoglomospira sp., Stache-
ia sp., and Trepeilopsis sp.
Rexroad and Burton (1961) reported from this locality the
conodonts Cavusgnathus convexus, C. unicornis, C. navicu-
lus, C. regularis, Kladognathus primus, Lochriea commutata,
Vogelgnathus campbelli, Hindeodus cristulus, H. minutus,
and Adetognathus unicornis (names updated by H.R. Lane).
These belong in Faunal Unit 12 (unicornis Zone), which is
the highest conodont fauna in the type Mississippian.Two
later Mississippian conodont faunas, the Lower and Upper
muricatus Zones (Faunal Units 13 and 14 herein), are found
above the unicornis Zone in southern Nevada, where they
are just below the earliest Pennsylvanian noduliferus-primus
Zone (Faunal Unit 15).
The extent of the Mississippian-Pennsylvanian unconfor-
mity in the Illinois Basin and Mississippi River valley was
poorly understood until Rexroad and Merrill (1979, 1985)
reported remarkable faunas from the Wayside member of the
Caseyville Formation that revolutionized our understanding
of the marine Mississippian-Pennsylvanian boundary suc-
cession in this region. Weibel and Norby (1992) reported a
similar fauna from the Wayside, including rare Lochriea com-
mutata and Rhachistognathus cf. ft. websteri. Although the
late Mississippian Grove Church faunas were known since
Rexroad and Burton (1961), the age of the oldest marine
Pennsylvanian was not. The Wayside faunas are early Mor-
rowan (Bashkirian) in age and correlate precisely with Fau-
nal Units 16 {sinuatus-minutus Zone) and 17 (symmetricus
Zone) in the Prairie Grove Member of the Hale Formation in
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the type Morrowan of northwestern Arkansas. This correlation
greatly reduced the amount of time once thought to be rep-
resented by the Mississippian-Pennsylvanian unconformity in
this part of North America.
Leave Stop 18 at 4:00 p.m. Drive 95 miles. Return to county
road, go west into Lick Creek, south on 1-57, west on IL 146
through Anna to Ware, north and west on IL 3 to Chester,
south on IL 150 across Mississippi River, south on MO 51
slightly more than 3 miles, west on County Road H to St.
Mary, and then north on U.S. 61 into Ste. Genevieve for over-
night stay.
DAY 5: STE. GENEVIEVE TO ST. LOUIS
Stop 19: Tower Rock Quarry North
Directions Depart Ste. Genevieve at 8:00 a.m. and drive 5
miles. Go north to U.S. 61 , west 2 miles, and then north on
the road to the quarry entrance. You must wear hardhats and
boots and beware of loose rocks. Allow 40 minutes for this
stop.
Description Stop 1 9 shows the top of the lower Warsaw
Formation, the upper Warsaw, and the lower part of the mas-
sive Salem Limestone at the most seaward position of the
Osagean-Meramecian boundary seen on this trip (fig. 41). In
the quarry just to the south, the Salem exceeds 90 m in thick-
ness, and cores taken from the floor of the quarry recovered
almost 30 m of lower Warsaw, whereas the upper Warsaw is
little more than 2 m thick. Contrasting these thicknesses with
those at Geode Glen (Stop 3), Cragwold Road (Stop 7), and
Columbia road cut (Stop 10), it is obvious that both the lower
Warsaw and Salem in this area have thickened considerably
because of their more seaward position on the Meramecian
shelf (see fig. 24). The upper Warsaw, in contrast, has almost
disappeared by facies change into the more open-marine fa-
des of the lower Salem (fig. 24).
Not measured
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Figure 41 Location of Stop 19,
Tower Rock Quarry northwest of
Ste. Genevieve, NW 1/4NE 1/4 Sec.
12, T38N, R8E, Ste. Genevieve
County, Missouri, Prairie du
Rocher Quadrangle. The section
was measured by Paul Brenckle
and Leonard Eames.Calcareous microfossils in the lower Warsaw include Paraar-
chaediscus sp. and Planoarchaediscinae. These taxa range
into the upper Warsaw where they are joined by Endotaxis/
Tetrataxissp., Eoendothyranopsis sp., Globoendothyra baileyi,
and G. piasae. The Salem was not examined for calcareous microfossils, and conodonts were
not examined at this locality.
Leave Stop 19 at 8:50 a.m.
Stop 20: Little Rock Quarry
Directions Drive 8 miles. Return to U.S. 61 and drive east to MO 32, northeast into Ste. Gen-
evieve, and north on Main Street below bluff, past ferry landing. Allow 40 minutes for this stop.
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Water-Filled Quarry
Figure 42 Location of Stop 20,
Little Rock Quarry north of Ste.
Genevieve, SW 1/4SE 1/4 Sec. 8,
T38N, R9E, Ste. Genevieve
County, Missouri, Prairie du Ro-
cher Quadrangle. The section was
measured by Paul Brenckle and
Richard Lane.
Description Stop 20 shows the contact between the St.
Louis and Ste. Genevieve Limestones, which marks the
boundary between the Meramecian and Chesterian series/
stages (fig. 42). A thin shale bed separates the limestones
of the two formations, indicating a break in carbonate sedi-
mentation and an important sequence boundary separating
the sedimentary cycles that constitute the two stages. The
lithology of this boundary at this location contrasts with the
formational contact in Casper Stolle Quarry (Stop 9A) where
oncoid deposits separate St. Louis from Ste Genevieve beds.
Calcareous microfossils were not examined at this locality.
Conodonts from the St. Louis in this quarry include Cavus-
gnathus convexus, C. unicornis, Hindeodus scitulus, and
Apatognathus porcatus and belong in Faunal Unit 8 (scitu-
lus-scalenus Zone). The Ste. Genevieve at this locality did
not produce conodonts, but the nearby Government Quarry
yielded a Ste. Genevieve conodont fauna including Rhachis-
tognathus n. sp., Cavusgnathus unicornis, C. convexus, Pa-
ragnathodus homopunctatus, Gnathodus bilineatus, and G.
girtyiand belonging to Faunal Unit 9 (Lower bilineatus Zone).
End of trip.
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Sedimentology and Stratigraphic Implications of the
Peerless Park Member (Keokuk Limestone, Visean,
Mississippian), St. Louis, Missouri
Eugene C. Rankey, University of Miami
The purpose of this paper is to document and discuss the facies, architecture, and implications
of a well-exposed channel complex present in the Peerless Park Member of the Keokuk Lime-
stone in the St. Louis area. Some of the outcrops discussed can be seen as parts of Stop 6, but
some of the sections that have been measured have already been removed by the excavations
for the new Drury Inn.
This channel is interesting for several reasons. First, as discussed in association with Stop 6, the
Peerless Park Member represents a sedimentologically and biologically distinct and useful unit
within the Burlington-Keokuk interval. The Peerless Park contains shallower-water sediments
that carry a more diverse and biostratigraphically significant biota of calcareous microfossils
than occur in the adjacent facies (Kammer et al. 1990). The channel is interesting stratigraphical-
ly because it represents a unique occurrence of a valley complex on a carbonate ramp (Wright
1986, Handford and Loucks 1993) and also because the valley is filled with nearshore, shal-
low marine carbonate sediments, not fluvial or estuarine sediments as are found in many other
documented valley fill complexes (e.g., Allen and Posamentier 1993, Dalrymple et al. 1994, cf.
Brown et al. 1990).
Paleogeographically, the Burlington and Keokuk strata are generally interpreted to represent
deposition on the middle of a gently south- to southeastward-dipping, homoclinal ramp (the
"Burlington Shelf" of Lane 1978, see also Witzke et al. 1990) although they are genetically dis-
tinct units (Lane 1978; Lane, personal communication 2001). In Iowa, updip equivalents of the
older parts of the Burlington may include shallower-water deposits, such as the grainstones of
the Gilmore City Formation (Witzke et al. 1990), although there is some debate about their exact
genetic relationship (H.R. Lane, personal communication 2001). The broad area of cherty, skel-
etal packstone and grainstone ("main shelf" of Lane 1978) extends across much of Missouri and
into Iowa and includes the study area. This main shelf passes rapidly into a deeper-water, thin-
ner, condensed section ("starved magnafacies" of Lane 1978) toward the Illinois Basin just to the
east of the study area.
The depositional setting of these strata has been described as a "shelf" (e.g., Lane 1978). The
subtle south to southeastward facies changes and broad facies belts, the absence of a well-
defined, shallow-water shelf margin passing abruptly into deeper water, and the presence of
higher energy facies in the updip areas close to the shoreline all suggest a gentle regional pa-
leoslope dipping to the southeast. There is an abrupt break in slope and transition into deeper
water, but this transition appears to occur in a more downdip, subwave-base position. In light of
these observations, the overall geometry of this system is best described as a distally steep-
ened ramp (sensu Wilson 1975, Read 1985).
FACIES OF THE LOWER PART OF KEOKUK LIMESTONE
The lower part of the Keokuk Limestone (below the Peerless Park Member) includes inter-
bedded wackestone and cherty skeletal packstone and grainstone (see figs. 17 and 43a). Thick
bedded, non-cherty quartz silty skeletal grainstone occurs only within the Peerless Park Member
as described in a later section.
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Figure 43 Representative facies, Keokuk Limestone and Peerless Park Member, (a) Outcrop photo show-
ing characteristic Keokuk wavy-bedded, cherty limestone. Chert is typically lighter colored than limestone.
Clipboard (circled) is 35 cm long, (b) Irregular chert in wackestone-packstone of lower part of Keokuk
Limestone, (c) Glossifungites surface, highlighted by arrows. From 1-44 south outer road section. Pen for
scale, (d) Coarse-grained crinoid-bryozoan grainstone to mud-lean packstone with brachiopods and pel-
oids, (e) Uneven erosional surface at base of Peerless Park Member (arrows), with much coarser-grained
skeletal grainstone above. From section Valley-1 (fig. 44). (f) Photomicrograph of coarse to fine lamina-
tions within channel fill. Laminations are accentuated by presence of quartz silt in finer-grained layers, (g)
Wavy laminated, cherty packstone, from middle part of Peerless Park Member at section Valley-3 (fig. 44).
(h) Photomicrograph of calcareous quartz sandstone/siltstone just above Peerless Park Member. Crinoid
grains, glauconite, and coarse coral debris are present but not pictured.
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In all of the strata within the lower part of the Keokuk
Limestone, no field or petrographic evidence for subaerial
exposure (e.g., laminated crusts, root tubules, pendant
cements, alveolar structure) was observed in the study
area (see Kaufman et al. 1988). Similarly, none of these
features were observed in clasts of these strata within the
Peerless Park Member.
Wackestone
Wackestone is uncommon in the Keokuk Limestone below
the Peerless Park Member but becomes more common
above the unit. Wackestone beds are up to 1 m thick and
include abundant glauconite, crinoids, fenestrate bryo-
zoans, and skeletal debris. Rugose corals are present
locally. Up to 50% of some of the wackestone beds are si-
licified to form subspherical to irregular chert nodules (fig.
43b).
Cherty Skeletal Packstone and Grainstone
The majority of the Keokuk Limestone below the Peerless
Park Member consists of cherty skeletal packstone and
grainstone. Mineralized hardgrounds, thin phosphatic lags,
and Glossifungites surfaces are common (fig. 43c). Within
these strata, common grains (fig. 43d) include crinoids,
ramose and fenestrate bryozoans, bivalves, peloids, ru-
gose corals, and glauconite. Grains may be broken and
abraded. Chert is common as layers or lenses, and up
to 75% of some beds are silicified. These packstone and
grainstone units include wavy or parallel laminations, but
definitive hummocky cross-stratification and wave ripples
were not observed in the study area. Contacts between
packstone and grainstone beds can be sharp, erosional (a
few centimeters of relief), or gradational, and no system-
atic pattern is present. Several units (both packstone and
grainstone) have general fining-upward grain size trends
in beds up to about 50 cm thick. Packstone and grain-
stone units are complexly interbedded and are generally
tabular, although some beds thin and pinch out laterally
across distances less than 50 m. Similarly, some hardgrounds did not appear to correlate more
than 100 m along continuous outcrops.
GEOMETRY AND FACIES OF PEERLESS PARK MEMBER
Channel Deposits
Several outcrops expose spectacular channel-form geometries within the Peerless Park Mem-
ber. The base of these channels truncates up to 5 m of Keokuk Limestone strata, primarily the
cherty crinoid-bryozoan packstone and grainstone just described (fig. 15; fig. 44). The erosional
surface is uneven (fig. 43e), and, in one continuous outcrop, two subchannels are separated by
a topographic high.
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A matrix-supported conglomerate locally is present at the base of this lower channel fill. The
clasts are composed of either silty foraminifer-crinoid-skeletal grainstone (similar to the sur-
rounding matrix) or crinoid-bryozoan-skeletal packstone to grainstone (similar to the underlying
Keokuk Limestone). Clasts are commonly rounded but elongate and reach up to 15 cm long. No
clasts of chert or of lithologies other than those found in the lower part of the Keokuk Limestone
were observed.
The remainder of the lower part of the channel fill is quartz silty foraminifer-crinoid-skeletal-
peloid grainstone. Locally, the lowest meter of the lower grainstone includes abundant quartz
grains of coarse silt to fine sand that are generally well sorted and well rounded. The grainstone
includes cross-bedding containing spectacular sets up to 4 m thick (see fig. 15). At other loca-
tions, trough cross-bed sets between 0.5 and 1.5 m thick make up much of the unit. The orienta-
tion of cross-bedding is variable, and dips reach up to 28 degrees. Within this lower grainstone,
individual centimeter-scale laminations within the cross-bed sets may include subtle coarse-fine
layering that (in the lower part) is accentuated by concentrations of quartz silt (fig. 43f). No clay
drapes, lenticular or flaser bedding, reactivation surfaces, or pronounced bundling is present;
however (see Brown et al. 1990), this lower grainstone may extend up onto the flanks of the
channel (fig. 15 and subsequent discussion).
This lower grainstone is overlain by an erosional surface that truncates up to 2 m of the sec-
tion and has a broad, shallow concave-up form. This surface is overlain by dark brownish gray,
cherty peloid-fenestrate bryozoan-crinoid-bivalve quartz silty packstone that is up to 2 m thick
and includes wavy laminations (fig. 43g). No fenestrae, mud cracks, flaser or lenticular bedding,
or other evidence for peritidal or tidally influenced deposition was observed in this unit. This mid-
dle packstone is in turn erosionally overlain by an upper foraminifer-crinoid-bryozoan grainstone.
This upper grainstone is up to 50 cm thick and includes a discontinuous Glossifungites surface
that is underlain and overlain by similar facies. No cross-bedding is evident in this unit. This unit
contains much less quartz silt than the lower grainstone.
Interchannel Deposits
In contrast to the areas within the channel, deposits in interchannel areas are much thinner and
have a tabular geometry. The exact succession of facies varies depending on the amount of ero-
sion present between the units. For example, the middle packstone is erosionally truncated to-
ward the south side of figure 15, Stop 6A, and there the upper grainstone appears to sit directly
on the lower grainstone.
In other areas farther away from channel deposits (fig. 17, Stop 6C), the succession of crinoid-
fenestrate bryozoan packstone and grainstone ("normal" Keokuk Limestone facies) is overlain
by a sharp to locally bored surface. No evidence for subaerial exposure (e.g., rhizoliths, root tu-
bules, pendant cements; Goldstein 1988, Rankey and Bachtel 1998) was observed in the field or
in thin sections associated with this surface. Above this bored surface is a trough cross-bedded,
50-cm-thick, peloid-foraminifer-crinoid-quartz-rich grainstone. The quartz grains are well-sorted,
well-rounded coarse silt to fine sand. This grainstone is in turn sharply overlain by a 30-cm-thick,
wavy laminated peloid-skeletal packstone that also is quite cherty. The top of this packstone is
erosionally truncated by a surface with up to 10 cm of relief, which is capped by an upper fora-
minifer-skeletal-coated-grain grainstone that is up to 40 cm thick.
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Figure 44 Photographic panorama and measured sections of outcrops that have been excavated and are no lon-
ger available. These data illustrate incision associated with surface at base of Peerless Park Member that removed
up to 6 m of lower Keokuk strata (dark gray). Note that in these sections, lower grainstone (light gray), middle cherty
packstone (white), and upper grainstone (light gray) are present as at Stop 6A. Peerless Park Member packstone and
grainstone units are erosionally overlain by fine-grained quartz sandstone that rapidly grades up into crinoid-bryozoan
wackestone to packstone of upper part of Keokuk Limestone. In lithic columns, W, wackestone; P, packstone; G, grain-
stone.
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FACIES OF THE UPPER PART OF KEOKUK LIMESTONE
In all sections in the study area, the channel and interchannel deposits of the Peerless Park
Member are overlain sharply by a 10- to 20-cm-thick calcareous quartz siltstone to sandstone
(fig. 43h). The base of the unit includes up to 1 cm of relief that appears to be erosional. This
unit includes well-sorted, well-rounded coarse silt to fine sand in a carbonate mud matrix. It also
locally includes abundant large rugose corals, ramose bryozoans, and some glauconite.
The quartz-rich unit rapidly grades upward into glauconitic cherty crinoid-bryozoan wackestone
and packstone, facies very similar to those of the units in the lower part of the Keokuk Lime-
stone below the Peerless Park Member. No other quartz silty foraminifer-rich units were recog-
nized in the upper part of the Keokuk Limestone in the study area.
SEDIMENTOLOGIC AND STRATIGRAPHIC INTERPRETATION
On the basis of the fauna, sedimentary structures, hardgrounds, and the abundance of glau-
conite, the facies of the lower and upper parts of the Keokuk Limestone (above and below the
Peerless Park Member) are interpreted to represent relatively slow deposition in open marine
water. The absence of hummocky cross-stratification or wave ripples suggests that these strata
were deposited below storm wave base (see Wright 1986), although the broken grains and the
fining-upward units suggest that some sediments may have been reworked, transported, and
deposited during storms. Lane (1978), Kaufman (1985), Daniels (1986), and Witzke et al. (1990)
had similar interpretations for the environments of deposition of Burlington-Keokuk strata.
In contrast, the erosional surface at the base of the Peerless Park Member and the shallow-
water biota and large-scale accretionary foresets in the fill of the channel complex together sug-
gest a pronounced increase in water energy. The abrupt decrease in water depth and the inci-
sion are interpreted to have been created by a relative fall in sea level that resulted in an abrupt
basinward migration of shallow water environment into the St. Louis area.
Subaerial exposure of an updip shelf and an arid climatic setting would favor bypass of eolian
sand across the shelf, possibly with limited preservation on the shelf. The well-sorted and well-
rounded nature of the quartz in the channel fill is consistent with an interpretation of eolian
transport, at least at some point in its history. The presence of quartz silt and sand in the valley
fill and immediately overlying strata therefore could be interpreted to reflect the relative fall in
sea level and subaerial exposure (at least in more updip locations). This model would also ex-
plain the paucity of quartz in underlying and overlying strata.
The absence of subaerial exposure features, either in these strata or in updip equivalents, is
inconsistent with an interpretation that the study area was exposed, however, and the area may
not have been. Alternatively, in the arid climatic setting that probably influenced deposition of
these strata, subaerial exposure features may have been only weakly developed (see Goldstein
1988, Rankey and Bachtel 1998). Well-developed subaerial exposure features are present, how-
ever, in equivalents in southeastern Kansas (E. Franseen 2001, personal communication) and
within the older Gilmore City Formation in Iowa (personal observations). Similarly, erosion asso-
ciated with incision may have removed some of the evidence in this area.
On the basis of the biota and sedimentary structures, the channel fill is interpreted to represent
deposition during the subsequent relative rise in sea level in a shallow subtidal wave-dominated
carbonate-producing environment. The channel probably acted to focus energy, based on the
presence of lateral accretion foresets, but the channel-fill units that extend as cross-bedded
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grainstone beyond the channel flanks (fig. 15) suggest that the channel was not the sole factor
that did so.
The observation that the fades of the upper part of the Keokuk Limestone are similar to those
of the lower part of the unit suggests that, following the relative fall in sea level, the ocean rose
back to a similar position. The deposition of the upper part of the Keokuk Limestone below wave
base continued until the influx of the siliciclastics that produced the Warsaw Shale.
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Comments on the Mississippian Stratigraphic
Succession in Iowa
Brian J. Witzke and Bill J. Bunker,
Iowa Department of Natural Resources, Geological Survey Bureau
INTRODUCTION
Although stops in Iowa have not been included in this field trip, the Mississippian stratigraphic
succession in Iowa plays an important role in understanding the regional lithostratigraphy and
biostratigraphy in the type Mississippian area. The original concept of the Mississippian System
(now Subsystem) was historically based on the succession of strata exposed in the Mississippi
River valley between Burlington, Iowa, and St. Louis, Missouri (fig. 45). Because the Tournaisian-
Visean boundary is a special focus for field trip participants, biostratigraphic relationships within
the Burlington and Keokuk formations are of particular interest. Southeastern Iowa includes
the historic type localities for both the Burlington and Keokuk. Further study of northwestward
stratigraphic relationships across Iowa is needed to foster a greater understanding of regional
cratonic facies for this time interval.
A review of the historic development of Mississippian stratigraphy for Iowa is not presented
here, as it can be found elsewhere (Van Tuyl 1925, Witzke et al. 1990). However, information
and ideas presented in guidebooks and theses over the past 15 years on the Iowa Mississippian
have expanded the understanding of these strata but have not received widespread recognition
because most remain relatively obscure as published references (e.g., McKay et al. 1987; Wood-
son 1 989, 1 993; Witzke et al. 1 990; Witzke and Bunker 1 996, 2001 ).
A general regional framework for Mississippian deposition was proposed by Witzke and Bunker
(1996), who subdivided the Iowa area into two large-scale epicontinental facies groupings that
they termed "inner shelf" and "middle shelf." Inner-shelf facies are recognized across northern
Iowa (and the Rocky Mountain area) and are characterized by cyclic successions of shallow
subtidal, restricted-marine, and peritidal facies. Each cycle is typically capped by the prograda-
tion of mud flat facies and terminated by the development of a subaerial exposure surface. In
contrast, middle-shelf facies are dominantly composed of subtidal open-marine facies with a
general absence of peritidal or mud flat deposition. Shallowing-upward successions commonly
do not lead to subaerial exposure, although submarine hardgrounds and disconformities may
mark cycle boundaries. Because the progradation of peritidal facies apparently did not typically
proceed into middle-shelf areas, sediment accumulation across middle-shelf areas appeared to
be insufficient to fill available accommodation space for prolonged periods (hundreds of thou-
sands to millions of years). This realization has led to the suggestion that episodic sediment
condensation and starvation are common across the middle shelf and that certain disconformity
surfaces may be of submarine origin. The Burlington and Keokuk formations are considered to
be good examples of middle-shelf deposits, characterized by slow average rates of subtidal sed-
iment accumulation and influenced by varying degrees of storm current activity dependent on
water depths. Outer shelf facies are found closer to the outer continental margins, where starved
and condensed shale facies, commonly phosphatic or glauconitic, characterize parts of the Mis-
sissippian succession (e.g., in Oklahoma).
The modern shelf of southern Australia recently described by James et al. (2001) may be an
appropriate modern analog for Burlington-Keokuk deposition. These authors documented a
sedimentary regime influenced by strong currents and storm activity in which skeletal packstone
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and grainstone deposition (dominantly bryozoans and mollusks) occurred across a broad re-
gion of 50 to 200 m depth that they termed the "middle shelf." Spiculitic carbonate mudstones
and wackestones dominate at depths of 200 to 500 m on the south Australian shelf (James et
al. 2001), and these facies may be analogous to the cherty and spiculitic carbonate mudstones
(mostly dolomitized) of the Burlington-Keokuk interval. Lasemi et al. (1998) provide a more thor-
ough discussion of similar depositional environments for slightly younger Mississippian strata in
southern Illinois.
Wisconsin
Illinois
M.I. Manson Impact Structure
• Type section localities
Mississippian outcrop
sub-Cretaceous
sub-Pennsylanian
Figure 45 Distribution of Mississippian strata in the central United States showing the outcrop area and subsurface extent
(sub-Pennsylvanian, sub-Cretaceous). Major structural features, state boundaries, and type localities of selected Mississip-
pian units are shown. The topographically highest portion of the Transcontinental Arch is the Proterozoic Sioux Quartzite
Ridge.
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KINDERHOOKIAN STRATIGRAPHY
The McCraney Limestone-Prospect Hill Siltstone succession constitutes the lower part of the
Kinderhookian succession in southeastern Iowa, and the Prospect Hill Siltstone oversteps the
McCraney edge to onlap Devonian strata across central and northern Iowa (fig. 46). Relation-
ships of the McCraney-Prospect Hill succession to the Hannibal Formation in northeastern
Missouri remain unclear at present, but it seems reasonable to suggest that the siltstones and
shales of the Prospect Hill Formation correlate with some portion of the Hannibal Formation,
which is also a shale and siltstone interval.
The remainder of the Kinderhookian succession in southeastern Iowa is assigned to the car-
bonate-dominated Wassonville Formation. The Starrs Cave limestone (skeletal to oolitic) was
formerly considered as a separate formation below the Wassonville, but these strata are con-
formable and gradational. Therefore, it has been proposed that the Starrs Cave be relegated as
the basal member of the Wassonville Formation in Iowa (Witzke et al. 1990, Witzke and Bunker
2001). The Wassonville Formation, dominantly a cherty dolomite succession, is physically con-
tiguous with strata commonly included in the "Chouteau Group" (skeletal limestone and dolo-
mite) in Missouri and parts of southern Iowa and in the Maynes Creek Formation of central and
northern Iowa (also a cherty dolomite succession). Of particular note is the general southeast-
ward thinning of these strata (fig. 46), which range up to 47 m thick in northern Iowa but thin to
as little as 1 m in the southeastern corner of Iowa.
The upper contact of the Wassonville Formation with the overlying Burlington Formation in
southeastern Iowa is sharp, although the nature of this contact is difficult to understand in a re-
gional context. Minor relief (to 10 cm) is seen in the Burlington area, although at many localities
it appears roughly planar with no obvious erosional relief or evidence of subaerial exposure. At
some localities the contact is marked by a prominent hardground surface (probably of subma-
rine origin). Even though this contact does not appear to be deeply eroded, truncation of Was-
sonville strata is evident on a regional scale, and the Burlington locally overlies the Prospect Hill
Formation in parts of western Illinois (Workman and Gillette 1956).
What is the origin of this southeastward beveling of the Wassonville Formation? Is it simply
subaerial erosional truncation along a major unconformity surface? If this is the case, the di-
rection of increased beveling seems anomalous. The general shoreward direction during Mis-
sissippian deposition was to the northwest in Iowa (toward the Transcontinental Arch), and the
Kinderhookian and lower Osagean succession in northern Iowa includes shoreline facies not
seen in southeastern Iowa, including peritidal carbonates, mud-cracked exposure surfaces, and
stromatolites. The presence of shallower-water deposition and the progradation of peritidal car-
bonates across northern Iowa clearly show that shoreward areas lie to the northwest, not to the
southeast. However, the shallower-water Kinderhookian-lower Osagean succession in northern
Iowa is much thicker and more complete than that in the more offshore areas of southeastern
Iowa. How can this be? Shouldn't the erosional beveling of Kinderhookian strata expand in a
shoreward direction, not in an offshore direction? The southeastward truncation of Wassonville
strata remains strangely perplexing.
The southeastward-expanding hiatus that separates Kinderhookian strata from the overlying
Burlington Formation in Iowa may conceivably be explained by one of two possibilities. First,
some structural upwarping across the shallow shelf may have temporarily disrupted the gen-
eral southeastward-deepening trend across the seaway and reversed the direction of erosional
beveling. Although this suggestion cannot categorically be dismissed, the complete absence of
peritidal deposition in southeast Iowa and the common occurrence of such facies in northern
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Iowa seem to undermine this idea. In addition, the beveling is of regional scale, ranging from
central Iowa into western Illinois, and no known Paleozoic structure has been identified across
this broad region that would explain the regional aspect of this surface.
Alternatively, the southeastward erosional beveling of Kinderhookian strata may have resulted
from lower rates of sediment accumulation and increased erosional beveling in an offshore di-
rection. This suggestion initially seems counterintuitive. Although many details of regional Mis-
sissippian sedimentation need to be worked out, Witzke and Bunker (1996) proposed that the
sub-Burlington discontinuity may actually be a broad submarine surface marked by widespread
sediment starvation in offshore areas (of the "middle shelf"). The beveling of sub-Burlington stra-
ta may, therefore, represent submarine erosional planation (perhaps related to recurring storm
current activity that episodically eroded and transported material across broad areas of the "mid-
dle shelf"). Further characterization of this regional disconformity surface may have far-reaching
effects on the understanding of the nature of the stratigraphic record in cratonic areas as well as
the stratigraphic character of the type Mississippian area.
BURLINGTON FORMATION
The Burlington Formation is subdivided into three easily recognizable members in southeastern
Iowa (fig. 47). These members are able to be correlated across southeastern Iowa and into a
portion of western Illinois. Previous interpretations by Laudon (1937) and others indicated that
the basal Dolbee Creek Member is missing in parts of southeastern Iowa and that there is a
progressive northwestward onlap of Burlington units across southeastern Iowa. These interpre-
tations are now considered to be in error, as lower Burlington Dolbee Creek strata (including
dolomitized facies) are consistently recognized across southeastern Iowa above the Wassonville
(Witzke et al. 1990). Of note, the Dolbee Creek skeletal packstones and grainstones appear to
merge with skeletal and oolitic facies usually assigned to the Gilmore City Formation in central
Iowa (fig. 46).
The middle Burlington Haight Creek Member (dominantly a cherty dolomite interval) is marked
by glauconitic enrichment in its lower part across the region, forming a convenient stratigraphic
datum. However, along its northwestern margin in central Iowa, the entire member becomes
highly glauconitic, and this green carbonate facies abuts sharply against the upper part of the
Gilmore City Formation. Stratigraphic relationships are difficult to constrain along this boundary,
but biostratigraphic information presented later raises some interesting possibilities.
The upper Burlington Cedar Fork Member is easily recognized from southeastern Iowa into
central Iowa (see fig. 46). This member is dominantly a cherty crinoidal limestone and dolomite
interval that resembles lithologies also present in the lower Keokuk Formation. Although the
Burlington Formation in the Mississippi River valley area has yielded biostratigraphically signifi-
cant conodont faunas, the record of calcareous foraminfers in the formation was previously un-
known. Reconnaissance sampling by F.J. Woodson, however, produced identifiable multilocular
foraminfers from the Cedar Fork Member of the Burlington Formation in Keokuk and Washington
Counties, southeastern Iowa (Witzke et al. 1990). These forams occur in fine-grained crinoid-
bryozoan packstones and grainstones that span the thickness of the member. The more typical
medium and coarse crinoidal limestones did not yield forams.
The best collections of foraminifers were secured from the Cedar Fork Member at the Keswick
Quarry in Keokuk Co., Iowa (Witzke et al. 1990). Although the fauna is not diverse, it is of bio-
stratigraphic interest. Earlandia spp., "Priscella" of the group "P. prisca," Endothyra spp., and
Endothyra of the group E. obsoleta are present. These taxa are all known to range into the over-
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lying Keokuk Limestone in western Illinois (Brenckle et al. 1974, 1982). The fauna is consistent
with a late Tournaisian or Visean age. Occurrences of Endothyra of the group E. obsoleta are of
particular note, as this group is first known to occur in the Visean of western Europe (Brenckle
et al. 1974). Assertions that the upper Burlington is a middle Tournaisian (Tn2, Zone 7) interval
(Mamet and Skipp 1970) are clearly contradicted by the Cedar Fork foram fauna. The upper
Burlington in Iowa can be no older than the late Tournaisian, and the presence of the E. obso-
leta group may support a Visean correlation. If the latter suggestion is correct, the Tournaisian-
Visean boundary may occur at or near the base of the Cedar Fork Member.
AUGUSTA GROUP
Although the Burlington, Keokuk, and Warsaw can be readily differentiated across southeastern
Iowa (figs. 46 and 47), these formational separations become considerably more difficult, if not
impossible, to differentiate across central and northern Iowa and Nebraska. In these latter areas,
informal stratigraphic labels have been applied to these strata, where they have been variably
termed "Burlington-Keokuk undifferentiated" and "Keokuk-Warsaw undifferentiated" on various
well logs. Because the actual correlation of these strata remains unknown and because the
presence of the Burlington Formation in northern Iowa has not been confirmed, it seems inap-
propriate to constrain any formational definitions in that area. Witzke et al. (1990) proposed the
reintroduction of a broader lithostratigraphic label for these strata, the Augusta Group. Keyes
(1895) introduced the "Augusta limestone" as a term that grouped together the Burlington, Ke-
okuk, and Warsaw Formations. The Augusta was never adopted for general use in Iowa or the
Mississippi River valley, and Van Tuyl (1925) rejected the Augusta as a valid term, stating that
"the term Osage clearly has priority." Nevertheless, Augusta apparently is the only historic term
available for what we consider to be a logical lithostratigraphic grouping. The Gilmore City For-
mation of northern Iowa is overlain by strata that constitute part (or all) of the Augusta Group
(fig. 46).
THE GILMORE CITY PROBLEM
The Gilmore City Formation is a widespread inner-shelf carbonate unit, typically skeletal-rich
oolitic to coated-grain packstones and sublithographic limestones in northern Iowa. Although
traceable westward into Nebraska, Kansas, and eastern Colorado, the relationship of the
Gilmore City Formation to strata of the southern middle-shelf area, particularly the Burlington,
remains, in part, problematic. The formation onlaps to the north and west in the region and
oversteps underlying Kinderhookian units in areas of Kansas and Nebraska to overlie older
Paleozoic strata. Lower Gilmore City strata in Iowa and Kansas are known to contain conodont
faunas with Siphonodella sp. and Patrognathus andersoni (Goebel 1968, Klapper 1971 , Hughes
1977, Woodson 1989) generally regarded as late Kinderhookian. The basal 4 m of the Gilmore
City Formation in Iowa has yielded Siphonodella sp. (including cf. S. isosticha), Patrognathus an-
dersoni, Polygnathus communis communis, Bispathodus sp., and Cudotaxis sp. (Hughes 1977,
Woodson 1989). Upper Gilmore City strata (Humboldt Member) in Iowa were found to contain
Osagean foram faunas ("Zone of Tube reu Iate Foraminifers" [ZTF]; Inflatoendothyra subzone) by
Brenckle and Groves (1987), who showed the interval as correlated with part of the Burlington
Formation of the Mississippi River valley area. Their study provides more complete documen-
tation of the fauna. Brenckle and Groves (1987) did not recover tuberculate forams from their
reconnaissance of the lower Gilmore City interval, and they suggested a Kinderhookian pre-ZTF
age for that interval. However, subsequent studies of lower Gilmore City strata at its type locality
by Woodson (1993) identified a lower ZTF foram fauna supporting an Osagean age for the en-
tire formation.
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Woodson (1993) documented a diverse assemblage of foraminifers from the lower Gilmore City
Formation, above the Kinderhookian Maynes Creek Formation, that includes the following taxa:
Septaglomospiranella spp., S. compressa, S. dainae, Chernyshinella glomiformis, Septabrun-
siina sp., Palaeospiroplectammina tchernyshinensis, Spinobrunsiina parakrainica, Granuliferella
spp. G. granulosa, Granuliferelloides granulella, Granuliferelloides cf. G. granulella, Tuberendo-
thyra sp., T. tuberculata, T. tumula, and indeterminate tuberculates. The assemblage is domi-
nated by tournayellids and primitive endothyrids and shares many species in common with the
upper Gilmore City (Humboldt) fauna described by Brenckle and Groves (1987). However, the
lower Gilmore City assemblage is clearly older, not only by its stratigraphic position, but, as
stated by Woodson (1993, p. 21), "by the presence of Tuberendothyra with abundant Palaeospi-
roplectammina tchernyshinensis and by the absence of Spinoendothyra and Inflatoendothyra."
Woodson assigned all except the basal part of the lower Gilmore City Formation to the Tuberen-
dothyra tuberculata subzone of the ZTF Brenckle and Groves (1987) considered this lower sub-
division of the ZTF to represent the earliest part of the Osagean Series.
Although Siphonodella occurrences have commonly been used as a Kinderhookian biostrati-
graphic indicator across North America, the lowest ZTF faunas are known to overlap with the
highest occurrences of Siphonodella near the base of the Gilmore City Formation. Depending on
how the base of the Osagean is defined, a small overlap between ZTF foram fauna and Sipho-
nodella conodont fauna is apparent near the Kinderhookian-Osagean boundary. Although most
or possibly all of the Gilmore City Formation can now be assigned to the Osagean, problems
arise in clarifying the regional stratigraphic relationships between the Gilmore City Formation of
northern Iowa and the Osagean units of the Burlington and Keokuk Formations in the Missis-
sippi River valley.
The Gilmore City Formation in northern Iowa is subdivided into two depositional cycles (se-
quences), each capped by a prograding interval of peritidal carbonates (fig. 46; Woodson 1989,
Witzke and Bunker 1996). The distal portion of the lower Gilmore City Formation is overlain by
strata of the middle Burlington Formation (Haight Creek Member) in a transitional belt between
typical inner- and middle-shelf facies tracts (fig. 46). Although the offshore relationships of these
strata are not fully clarified, oolitic facies are known to extend into the nearer-shore areas of the
lower Burlington Dolbee Creek Member Lower Gilmore City and lower Burlington strata may
share partial facies relationships (small boxed question mark on fig. 46). Nevertheless, the lower
Burlington lacks Siphonodella and is clearly younger than the basal Gilmore City Formation of
northern Iowa. Carter (1991) also indicated that the lower Gilmore City brachiopods are of pre-
Burlington age. However, these biostratigraphic observations do not necessarily preclude partial
stratigraphic relationships between the lower Gilmore City and Burlington Formations, merely
that equivalents of the basal Gilmore City Formation (with Siphonodella) are not represented in
the classic Burlington sections of the Mississippi River valley area, where a significant sub-Burl-
ington disconformity is recognized (as previously discussed).
Offshore relationships of upper Gilmore City strata (the Humboldt Member) also remain prob-
lematic. This interval abruptly terminates at the "inner-shelf" margin in northern Iowa, and its
relationship with the Burlington is conjectural (large boxed question mark on fig. 46). Of note, the
Gilmore City Formation is directly overlain by strata of the Keokuk Formation in western Kan-
sas (with Taphrognathus varians and Gnathodus texanus; see Goebel 1968). Strata overlying
the upper Gilmore City Formation in the subsurface of northern Iowa (undifferentiated Augusta
Group) and Nebraska have not yet yielded biostratigraphically significant conodont or foram
faunas, but these strata are hypothesized as likely being Keokuk equivalents (as in western
Kansas). Such relationships would also be consistent with the early Osagean age of the foram
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faunas in the Gilmore City Formation (Brenckle and Groves 1987, Woodson 1993). The Gil-
more City Formation, once considered a Kinderhookian unit, is now known to be mostly (pos-
sibly entirely) of Osagean age, and comparison with the lower Osagean Burlington Formation of
the Mississippi River valley area now seems reasonable. Although additional study is certainly
needed, it is tentatively suggested that the Gilmore City and Burlington Formations are partially
correlative units representing inner-shelf and middle-shelf facies tracts, respectively, during the
early Osagean (Witzke and Bunker 1996).
KEOKUK AND WARSAW FORMATIONS
The basal member of the Keokuk Formation in its type area is characterized by an extreme
abundance of chert (both nodular cherts and continuous bedded cherts) in a mixed interval of
skeletal packstone and dolomitized mudstone. This basal interval, generally about 8 or 9 m thick,
has been commonly termed the "Montrose Member" or "Montrose Chert" (Keyes 1895, Van Tuyl
1925). Recent attempts to designate a type locality for the Montrose Member revealed a rather
unfortunate discovery. Keyes (1895) regarded the quarries and exposures at Montrose, Lee
County, southeastern Iowa, to include exposures of this interval, but restudy of the exposures
and well penetrations at Montrose indicated that the lower Keokuk interval lies entirely below the
level of the Mississippi River at Keokuk (7 to 17 m below river level). Only the uppermost part of
the Keokuk Formation and the lower part of the Warsaw Formation is actually exposed at Mon-
trose. This discovery seemingly necessitates the abandonment of the term "Montrose" as it has
come to be used, and new stratigraphic nomenclature for the lower and upper members of the
Keokuk in Iowa and adjoining areas of Missouri and Illinois should be considered.
The thickest sections of the Warsaw Formation in Iowa are restricted to the extreme southeast-
ern part of the state (see composite fig. 47), and the Warsaw is erosionally beveled to the north
and west across Iowa beneath strata of the Croton Member of the so-called "St. Louis" Forma-
tion. The Sonora Formation locally caps the Warsaw in extreme southeastern Iowa. The thickest
known Warsaw section in Iowa (exposed north of Keokuk) includes the distinctive lower "geode
beds" overlain by an unfossiliferous interval of silty shale with minor siltstone and silty dolomite.
The characteristic fossiliferous, bryozoan-rich carbonates of the upper Warsaw found at Warsaw,
Illinois, are absent in Iowa (either by nondeposition or erosional truncation). The base of this fos-
siliferous upper Warsaw interval was used by Kammer et al. (1991) to biostratigraphically define
the Osagean-Meramecian boundary, but it has not been identified in Iowa.
SUB-"ST. LOUIS" UNCONFORMITY
Strata of the Augusta Group in Iowa are erosionally truncated and incised beneath the Croton
Member (lower "St. Louis" Formation; see Witzke et al. 1990) across Iowa, marking the most
prominent erosional surface within the Mississippian succession (see fig. 49). Up to 40 m of
erosional relief is documented along this unconformity surface, which is locally incised as low as
the lower Keokuk in southeastern Iowa. This major unconformity is not evident, however, farther
down the Mississippi River valley in Missouri and Illinois, where shallow-water deposition of the
Salem Limestone was apparently taking place at the same time the erosional surface was de-
veloping across Iowa. These relationships underscore Iowa's more elevated position within the
craton and that complete withdrawal of the seaway from broad regions of the continental interior
took place coincident with Salem deposition farther to the south.
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THE "ST. LOUIS" FORMATION IN IOWA
Meramecian carbonate, evaporite, and sandstone facies were deposited above the major un-
conformity that developed upon Augusta Group strata of the Keokuk and Warsaw formations in
Iowa. These Meramecian strata have been traditionally assigned to the "St. Louis" Formation in
Iowa (e.g., VanTuyl 1925) even though these strata in Iowa seem lithologically distinct from fa-
cies in the type St. Louis area. In addition, there has been a paucity of biostratigraphic control
to verify correlation between Iowa and Missouri. In particular, a significant portion of the Iowa
"St. Louis" interval is composed of siliciclastic deposits (especially sandstone) that are strikingly
dissimilar to the carbonate-dominated sections in the type St. Louis area. Preliminary biostrati-
graphic studies reported by Woodson (McKay et al. 1987) first suggested that the upper part of
the so-called "St. Louis" Formation in Iowa was in fact younger than the type St. Louis succes-
sion.
The so-called "St. Louis" interval in Iowa has been subdivided into four stratigraphic units
(McKay et al. 1987, Witzke et al. 1990) in ascending order: Croton Member, Yenruogis Member,
Verdi Member, and Waugh Member. Formational terminology has not been formally adopted
for Iowa, but new names are encouraged to replace the awkward and inappropriate label of "St.
Louis." Only the Croton and Yenruogis members in Iowa probably correlate with the St. Louis
succession in Missouri. The lower Croton Member (named by Van Tuyl 1 925) includes evapo-
rites (gypsum-anhydrite) in southern Iowa, and extensive collapse breccias are seen in the car-
bonate-dominated interval across much of the state. A variety of fossils occur in the upper Cro-
ton, including the St. Louis guide fossil Acrocyathus floriformis ("Lithostrotion" corals). Calcare-
ous microfossils recovered from this interval include the foraminiferal genus Eoendothyranopsis
and the problematic alga Koninckopora (Witzke et al. 1990, p. 24), neither of which is known
to range above the St. Louis Formation in the Illinois Basin. The Croton Member is overlain by
a southeastward-prograding sandstone body named the Yenruogis Sandstone (Witzke et al.
1990). Collectively, the Croton and Yenruogis Members constitute a single depositional cycle.
The upper part of the so-called "St. Louis" interval in Iowa includes a lower marine limestone
and sandstone interval (the Verdi Member) and an upper nonmarine interval of limestone, shale,
and sandstone (Waugh Member). The Verdi Member contains a marine invertebrate fauna
(Witzke et al. 1990). Woodson (in McKay 1987) documented a variety of calcareous microfossils
from the Verdi of southeastern Iowa including indeterminate archaediscids, Asphaltinella sp.,
Diplosphaerina inaequalis, Earlandia sp. encrusting foraminifers (calcivertellids, calcitornellids),
Endostaffella discoidea, Endostaffella spp., Endothyra of the E. bowmani group; Endothyra of
the E. obsoleta? group, Fourstonella sp., "Priscella" spp., Pseudoammodiscus sp., Pseudoglo-
mospira sp., and Tubisalebra sp. The absence of taxa common in the type St. Louis interval,
such as Eoendothyranopsis spp., Eoforschia spp., Globoendothyra spp., and Koninckopora spp.,
is noteworthy. The precise correlation of the Verdi microfossils is subject to interpretation, but the
presence of abundant endostaffellids (including Endostaffella discoidea) and encrusting foramin-
ifers supports a correlation with the Ste. Genevieve Formation of the Illinois Basin rather than
with the St. Louis Formation. Verdi conodonts include Hindeodus cristulus and Cavusgnathus
unicornis (McKay et al. 1987). The apparent absence of several characteristic St. Louis conodont
taxa, especially species of Apatognathus and Spathognathodus scitulus, is of note, further sup-
porting a Ste. Genevieve correlation for the Verdi.
The Waugh Member includes fluvial, lacustrine, brackish, and terrestrial facies that have yielded
a diverse and remarkable vertebrate fauna (McKay et al. 1987, Bolt et al. 1988, Witzke et al.
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1990). Abundant tetrapod fossils (protoanthracosaurs, colosteids) were recovered within a col-
lapse feature in Keokuk County, Iowa (Bolt et al. 1988), and a variety of fish taxa occur in the
lacustrine facies (including xenacanths, petalodonts, acanthodians, palaeoniscoids, rhipidistians,
rhizodonts, dipnoans).The combined Verdi-Waugh interval records a transgressive-regressive
cycle of deposition that has been interpreted to correlate with the lower Ste. Genevieve cycle of
the Illinois Basin (Witzke et al. 1990). Thin coal and Stigmaria rooting are seen locally at the top
of the Waugh Member.
PELLA FORMATION
The Pella Formation represents the youngest Mississippian unit in Iowa. The Pella has long
been considered to be correlative with the Ste. Genevieve Formation of the Illinois Basin, and
some stratigraphers have synonymized the Pella and Ste. Genevieve. The formation records a
major marine transgression, but the upper part of the Pella has been erosionally truncated be-
neath the Pennsylvanian across Iowa. The Pella is retained as a distinct lithostratigraphic unit in
Iowa characterized by a thin basal limestone unit (locally oolitic) and a thicker upper fossiliferous
calcareous shale ("marl") interval.
The abundant macrofauna and microfauna of the Pella are consistent with a Ste. Genevieve cor-
relation. Pella conodonts include Gnathodus bilineatus, Hindeodus cristulus, and Cavusgnathus
unicornis, indicating a Ste. Genevieve to lower Chesterian correlation. The abundant invertebrate
fauna of the Pella strongly supports a Ste. Genevieve correlation (McKay et al. 1987). The Pella
also contains abundant calcareous foraminifera, especially endothyrids, but the calcareous mi-
crofossils have not yet been systematically studied.
The Verdi-Waugh interval and the Pella Formation both probably correlate with the Ste. Gene-
vieve Formation ("Genevievian substage"), but each represents a separate transgressive-
regressive depositional cycle. Of note, the Ste. Genevieve in the Illinois Basin area also contains
two separate depositional cycles (Swann 1963), each marked by a lower marine limestone (ma-
rine transgression, Fredonia and Karnak-Joppa members) and an upper sandstone (regression,
Spar Mountain Member and Aux Vases Sandstone).
FINAL REMARKS
The Mississippian stratigraphic relationships across Iowa play an important role in unraveling re-
gional depositional patterns in the type Mississippian area. Many outstanding problems remain
to be studied, and it is hoped that a number of geologists and paleontologists afford themselves
of the many research opportunities in the Iowa Mississippian succession. Some of the more
important projects that need further study are noted: (1) clarification of the biostratigraphic and
lithostratigraphic relationships between the Iowa Kinderhookian succession and the Hannibal-
Chouteau interval of Missouri and Illinois; (2) evaluation of biostratigraphic and lithostratigraphic
relationships between the lower Gilmore City Formation and its possible facies transition into
the lower Burlington; (3) constraint of the relationships between the upper Gilmore City and Bur-
lington formations; (4) investigation of the Keokuk and Warsaw formations in Iowa for recovery
of calcareous microfossils; (5) definition of the age and stratigraphic relations of Augusta Group
strata above the Gilmore City Formation in northern Iowa; and (6) systematic investigation of the
calcareous microfossils of the Pella Formation.
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Type Mississippian Subdivisions and
Biostratigraphic Succession
H. Richard Lane, National Science Foundation, and
Paul L. Brenckle, Consulting Geologist, Westport, Massachusetts
INTRODUCTION
The purpose of this field trip is to familiarize the membership of the Subcommission on Carbon-
iferous Stratigraphy (SCCS) and the paleontological and geological communities in general with
the Mississippian stratotype. This communication is especially important since the names Mis-
sissippian and Pennsylvanian have been ratified recently by the International Commission on
Stratigraphy (ICS) and International Union of Geological Sciences (IUGS) as official names for
the two global subsystems of the Carboniferous that lie on either side of the mid-Carboniferous
Global Standard Stratotype Section and Point (GSSP).
In North America, the term "Mississippian" has been employed for over a century for the interval
corresponding to the lower part of the Carboniferous System elsewhere (Tournaisian to middle
Namurian A in western Europe and Tournaisian through Serpukhovian in Russia). Although its
usage is ingrained in North American geological literature, paleontologists and stratigraphers in
the rest of the world poorly understand it. Recently, the IUGS ratification of the Devonian-Car-
boniferous and mid-Carboniferous (Mississippian-Pennsylvanian) boundaries has, in essence,
rigorously defined the Mississippian's lower and upper boundaries. Only its global subdivisions
need to be defined, and they are currently under discussion within the SCCS.
The term "Mississippi Group" was introduced by Winchell (1869, p. 79) with the statement, "I
propose the use of this term (Mississippi Group) as a geographical designation for the Carbon-
iferous Limestones of the United States which are so largely developed in the valley of the Mis-
sissippi River." In his description, Winchell said nothing about the stratigraphic limits of the Mis-
sissippian, but a complete classification of the formations and groups had preceded Winchell's
naming by 1 1 years. James Hall published this earlier work as Volume I (1858) of the Iowa
Geological Survey. Amos Worthen, Hall's assistant, became the State Geologist of Illinois, and
through his tireless efforts firmly emplaced Hall's classification as the standard that is essentially
the same today.
Williams (1891, p. 135) first used the term Mississippian in a time-stratigraphic sense by des-
ignating it a series, and the Mississippian was named a geologic period by Chamberlain and
Salisbury (1907, p. 496-498). Most North American stratigraphers and paleontologists have con-
sidered the Mississippian to be a system since 1915 when the U.S. Geological Survey (USGS)
first recognized it as such. In the 1930s and 1940s, two independent groups addressed prob-
lems concerning the definition of the Mississippian Subsystem. The older of the two, the Mis-
sissippian Subcommittee of the Committee on Stratigraphy of the American National Research
Council, published a series of correlation charts across North America (Weller et al. 1948). The
second group was the American Association of Petroleum Geologists' Subcommittee on the
Carboniferous. The results of its work were published by Cheney et al. (1945) who proposed
chronostratigraphic nomenclature and interregional correlations for the Mississippian and Penn-
sylvanian. Both publications solidified usage of the Mississippian and Pennsylvanian as systems
within North America, and Cheney et al. (1945) further advocated that these terms replace the
Carboniferous worldwide.
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The promotion of Mississippian and Pennsylvanian systems in North America almost certainly
influenced the Third Carboniferous Congress, held in Heerlen in 1951, to decree that preserva-
tion of the Carboniferous as a system was desirable (Van der Heide 1952, p. xiv). Although M. K.
Elias proposed the Mississippian and Pennsylvanian as Carboniferous subsystems at that same
Congress, the SCCS (George and Wagner 1972) voted to use the relatively unknown European-
based terms Dinantian and Silesian as names for the lower and upper divisions of the Carbon-
iferous. However, the IUGS Executive never ratified these names. Because the boundary be-
tween the Dinantian and Silesian was unsatisfactory for regional and global correlation, Bouroz
et al. (1979, p. 38) again proposed use of the Mississippian and Pennsylvanian as subsystems.
The Carboniferous Subcommission accepted this proposal and eventually established a mid-
Carboniferous boundary and stratotype section coincident with the Mississippian-Pennsylvanian
boundary (Lane et al. 2000, Richards et al. 2002). Subsequently the IUGS ratified usage of Mis-
sissippian and Pennsylvanian as global subsystems of the Carboniferous (Lane et al. 2000).
DEFINITION OF THE MISSISSIPPIAN
Exposures along the Mississippi River from north of Burlington, Iowa, to southern Illinois are
regarded as the Mississippian type area. The stratotype includes all formations from the base
of the Glen Park/Horton Creek Formation or base of the Hannibal Shale to the top of the Grove
Church Shale, corresponding to the interval between the IUGS ratified Devonian-Carbonifer-
ous GSSP and the mid-Carboniferous (Mississippian-Pennsylvanian) GSSR The Grove Church
Shale has now been ranked as the uppermost member of the Kinkaid Limestone as used by
the ISGS.The serial North American classification and formations constituting the type Missis-
sippian can be seen on the diagrams in figures 3 and 4, and suggested intercontinental correla-
tions are shown on figure 48. Exposures lie along the northwestern and western edges of the
Illinois Basin and the northeastern flank of the Ozark Uplift (fig. 45). A thin veneer of Pleistocene
glacial till covers much of the Mississippian in the northern part of the field area, and exposures
are rare. However, excellent outcrops are found along the Mississippi River and its tributaries,
including the Missouri, Illinois, and Meramec rivers among others. The system attains an aggre-
gate thickness of 1 ,300 feet along the Mississippi River, but that increases to 3,200 feet in the
deepest part of the Illinois basin to the east (Collinson et al. 1979, p. 8).
According to Collinson et al. (1979, p. 8-9),
... the Mississippian represents a transition between the widespread carbonate deposition of the
middle Devonian and the cyclic marine-non-marine deposition of the Pennsylvanian. During late
Devonian and during Kinderhookian time, a large deltaic complex in the eastern United States
contributed fine elastics to the Mississippi Valley region providing the vast prodeltaic clay and
siltstone sheets of the Grassy Creek and Saverton Shales. During early Valmeyeran (Osagean)
time the delta ceased to feed sediments into the Mississippi Valley area leaving the Illinois Basin
in a starved condition and permitting the growth of massive grain-supported crinoidal limestone of
the Burlington Shelf over the western half of the basin covering all of the stratotype area. During
middle Valmeyeran time, the delta, now known as the Borden Delta, once again filled the Illinois
Basin with elastics from the east confronting the Burlington Shelf during deposition of the Keokuk
Limestone and eventually covering it with the fine clays of the Warsaw Shale. During late Valmey-
eran time (Meramecian), carbonate deposition once again returned with very shallow clear seas
promoting the great accumulations of bryozoan and foraminiferal bioclastics, oolites, and evapo-
ritic deposits of the Salem, St. Louis, and the Ste. Genevieve. At the end of the Valmeyeran time,
sedimentation became dominated by the delta distributary system of the ancient Michigan River
again feeding sediment from the northeast. Shifting of shoreline and deltaic distributaries resulted
in an alternation of limestone-shale units with sandstone-shale units, characteristic of Chesterian
time and presaging the cyclothems of the Pennsylvanian. Sedimentational trends throughout the
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Mississippian were essentially from the east and northeast with little sediment contributed from
the Mississippi River Arch, the Wisconsin Shield or the Ozark Dome.
MAJOR SUBDIVISIONS OFTHE MISSISSIPPIAN
There are two competing subdivisions of the North American Mississippian. The most widely
used is followed by the USGS and most state geological surveys. This scheme consists of, in
ascending order, the Kinderhookian, Osagean, Meramecian, and Chesterian series. The second
scheme, used by the Illinois and Indiana state geological surveys, consists of the Kinderhookian,
Valmeyeran, and Chesterian series. The limits of the Valmeyeran approximate those of the com-
bined Osagean and Meramecian series.
Kinderhookian
The Kinderhookian was first described by Meek and Worthen (1861
,
p. 288) for outcrops ex-
posed near the village of Kinderhook, Pike County, Illinois. The series includes beds between
the Late Devonian Louisiana Limestone and early Osagean Burlington Limestone. The Mc-
Craney North section around Kinderhook, Illinois, is generally regarded as the main reference
section (Collinson 1 961 a, p. 51 , 1 964), although others consider the outcrops at Crapo Park,
Burlington, Iowa (Keyes 1941), to be the type section.
Beginning in the early 1930s, many stratigraphers disagreed about the position of the Devonian-
Mississippian boundary in the Mississippi River valley. Some thought the boundary should be
much lower than currently recognized. After extensive study of the conodonts, Collinson (1961b)
placed the boundary at the appearance of the conodonts Siphonodella sulcata and Protogna-
thodus kuehniaX the base of the Horton Creek Formation of Conkin and Conkin (1973) (Glen
Park Formation), a biotic level that the ICS and IUGS later selected as the base of the Carbon-
iferous. The last occurrence of Siphonodella is generally regarded among conodont workers as
marking the upper boundary of the Kinderhookian, although Lane (1974, p. 277) proposed that
the Kinderhookian-Osagean boundary be recognized at the base of the Gnathodus punctatus
Zone of Hass (1959, p. 369; base of Faunal Unit 2, fig. 49), and Thompson (1967) placed it at
the appearance of Polygnathus communis carinus (base Faunal Unit 3A herein). The usage of
Lane (1974) is followed in this guidebook.
Osagean
The term "Osage Group" was introduced by H.S.Williams (1891, p. 172) for exposures he stud-
ied along the Osage River in St. Clair County, central Missouri. The Osagean in the Mississippi
River valley includes all stratigraphic units from the base of the Meppen Limestone or Fern Glen
Formation to the top of the lower Warsaw Formation (Kammer et al. 1990). In the Mississippi
River valley an unconformity separates Kinderhookian and Osagean strata. This break can be
clearly viewed at Chautauqua West (Stop 4) where an angular unconformity, possibly a mound
feature that has been partially truncated by the break (Lasemi et al. 2003, p. 70), separates the
Meppen Limestone from the underlying Chouteau Limestone. The oldest conodonts found in the
Meppen at Stop 4 belong in Faunal Unit 3A and the Gnathodus semiglaber-Polygnathus com-
munis carinus Zone of Thompson (1967, p. 17) and Thompson and Fellows (1970, p. 58). The
youngest conodont fauna of the underlying Chouteau belongs in the lower part of the isosticha-
Upper crenulata Zone (Sandberg et al. 1978). The upper part of the latter zone and the lower
part of the Gnathodus punctatus Zone of Hass (1959, p. 369) are missing in the Mississippi Riv-
er valley. These zones are found on the opposite side of the Ozark Uplift in the Compton-North-
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Figure 49 Mississippian conodont zonation and faunal unit scheme followed in this publica-
tion. Zones and faunal units are modified from those proposed by Lane (1974) and Lane and
Ormiston (1982). Stylized type Mississippian lithic succession is shown in the third column
from left, and conodont zonation is shown in fourth column. Numbered shorthand scheme is
shown on far right.
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view-Pierson sequence of southwestern Missouri (Thompson 1967, Thompson and Fellows
1970), where sedimentation at the Kinderhookian-Osagean boundary may be continuous.
Meramecian
Ulrich (1904, p. 1 10) defined the Meramec Group from outcrops exposed at Meramec High-
lands Quarry along the Meramec River southwest of St. Louis, Missouri. The group included the
Warsaw Formation and Spergen Hill (Salem) and St. Louis Limestones. The upper surface of
the type Meramec is erosional, ending within the St. Louis. The Meramec River Bend, Marshall
Road, Cragwold Road, and Meramec Highlands Quarry sections of Lane and Brenckle (1977)
constitute a composite type section. Kammer et al. (1990, p. 417) defined the base of the Mera-
mecian at the base of Lane and Brenckle's (1977) lithic Unit 24 at the Cragwold Road Section
(Stop 8). This level is at the first appearance of the brachiopods Warsawia lateralis, Planalvus
densa, Crossacanthia perlamellosa, Setigerites altonensis, and Tetracamera subcuneata, the
blastoid Pentremites conoideus, and the calcareous foraminifer Globoendothyra baileyi.
Laudon (1948) and Laudon and Bowsher (1949) excluded the Warsaw Shale from the base of
the Meramecian, placing it in the top of the Osagean. Those authors thought that the Warsaw
fauna was more closely allied with the Keokuk rather than the overlying Salem. Weller (1920)
included the Ste. Genevieve Limestone within the Meramecian, and the USGS followed this defi-
nition in 1938, although the formation was not included in the original definition of the Meramec
Group. More recently, Maples and Waters (1987) excluded the Ste. Genevieve from the top of
the Meramecian, and that usage is followed herein.
Valmeyeran
Moore (1933, p. 262-264) named the Valmeyeran Series to include the Osage and Meramec
Groups that at that time included the stratigraphic interval from the Fern Glen Formation through
the Ste. Genevieve Limestone. The name is derived from the town of Valmeyer in Illinois just
south of St. Louis. The Dennis Hollow section (Stop 11), outside the town of Valmeyer, is the
major reference section. The basal two beds of Mississippian carbonates at this locality bear a
Chouteau conodont fauna (lower part of the isostichaAJpper crenulata Zone), and the top of the
section ends within the Salem Limestone. The very thin Hannibal Shale that is present below
the Chouteau at this locality yields a prolific mid-Kinderhookian conodont fauna. Excellent but
largely inaccessible exposures of the Salem, St. Louis, and Ste. Genevieve are available in the
nearby Mississippi River bluffs. The series is about 700 feet thick in western Illinois and increas-
es to 1 ,800 feet in the Illinois Basin.
Moore (1933) first presented a detailed description of the Valmeyeran Series, which included the
interval from above the Kinderhookian Chouteau Limestone and Hannibal Shale to the top of the
Aux Vases Sandstone. Swann (1963) revised this upward to the base of the Shetlerville Member
of the Renault Limestone (see fig. 4). We recognize the top of the Meramecian and Valmey-
eran to be at the top of the St. Louis Limestone, following the arguments of Maples and Waters
(1987). This definition excludes the Genevievian Stage of Swann (1963) from the Valmeyeran
and removes the Ste. Genevieve Limestone and lower Renault (Levias Member) from the top of
the Meramecian. We restrict the upper limit of the Meramecian/upper Valmeyeran for three rea-
sons:
1
.
The Ste. Genevieve is not developed in the type Meramec area.
2. There is little if any change in conodonts and foraminfers at the top of the Ste. Genevieve,
but within the formation major changes occur in the microfauna.
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3. There are no major changes in faunas at the Valmeyeran/Chesterian level selected by
Swann (1963).
Chesterian
Worthen (1860, 1866) named the Chester Group for exposures near the town of Chester in
southern Illinois. The type section includes the stratigraphic interval from the base of the Re-
nault Limestone to the top of the Kinkaid Limestone. Englemann (1863) included the Aux Vases
Sandstone in the series, and the USGS (Bain 1905, Ulrich and Smith 1905) added the Ste. Gen-
evieve to the base of the Chesterian. The basal Chesterian is herein recognized on the appear-
ance of the asteroarchaediscin foraminifers (Asteroarchaediscus and Neoarchaediscus) in the
Ste. Genevieve. These occurrences approximate the base of Faunal Unit 9 of Lane (1974) and
the bilineatus Zone of Lane et al. (1980, p. 118).
The upper limit of the Chesterian today has been expanded to include the Grove Church Shale,
which type section lies above the Kinkaid in central southern Illinois. The Grove Church Shale
(Kinkaid D of Rexroad and Burton 1961 , and now the uppermost member of the Kinkaid, as
used by the ISGS) contains conodonts that are younger than any found in the Kinkaid (Rexroad
and Burton 1961). Discovery of very early Pennsylvanian conodonts in the Wayside Member
of the Caseyville Formation in the vicinity of the type Grove Church Shale (Rexroad and Merrill
1985) limits the duration of the hiatus at the Mississippian-Pennsylvanian boundary in the Illinois
Basin. It appears that three conodont zones are missing between the Grove Church Shale and
Wayside Member, including the latest Mississippian Lower and Upper muricatus Zones and the
earliest Pennsylvanian noduliferus-primus Zone of Baesemann and Lane (1985). Weibel and
Norby (1992) suggest that the hiatus may be even shorter.
TYPE MISSISSIPPIAN CONODONTS
The study of conodonts from the type Mississippian and adjacent areas began in the 1930s
and 1940s with the works of Branson (1934), Branson (1938, 1944), Branson and Mehl (1934,
1 941 ), Mehl and Thomas (1 947), and Youngquist et al. (1 950). These early works were ex-
clusively descriptive taxonomy and provided little sense of the stratigraphic distribution of the
conodonts. The first realization of the immense stratigraphic value of Paleozoic conodont stud-
ies came from the early works of American USGS geologist/paleontologist Wilbur Hass (1947,
1953, 1956, 1959) and German scientists including Bischoff (1956, 1957), Ziegler (1959, 1960,
1 962a, 1 962b), and Voges (1 959, 1 960). These works out of Tennessee, Ohio, Texas, and Ger-
many intensified interest and stimulated more stratigraphically directed conodont studies in the
Mississippian of the Mississippi River valley. Key type Mississippian conodont papers from the
late 1950s to mid-1960s included Rexroad (1957, 1958a, 1958b), Collinson and Scott (1958),
Rexroad and Clarke (1960), Scott (1961), Scott and Collinson (1961), Rexroad and Burton
(1 961 ), Rexroad and Jarrell (1 961 ), Rexroad and Collinson (1 961 , 1 963, 1 965), Collinson et
al. (1962), Rexroad and Furnish (1964), and Rexroad and Nicoll (1965). These studies are the
foundation upon which later Mississippian conodont studies in the type area developed. Later
studies that bear importantly on type Mississippian conodont investigations include Klapper
(1966, 1971), Thompson (1967, 1972), Thompson and Goebel (1968), Thompson and Fellows
(1970), Collinson et al. (1972), Lane (1974, 1978), Lane et al. (1980), and Lane and Ziegler
(1983). Most, but not all, of the conodont names have been taxonomically updated in this guide-
book.
The conodont zonation of the type Mississippian began with the work of Collinson et al. (1962).
This largely assemblage-based zonation was followed by several significant conodont zonations
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that affected all or parts of the Mississippian time-stratigraphic interval. They include Klapper
(1966), Thompson (1967), Thompson and Fellows (1970), Lane (1974), Sandberg et al. (1978),
and Lane et al. (1980). Of these choices, this field trip follows a somewhat modified zonation
proposed by Lane (1974) and Lane and Ormiston (1982). Figure 49 illustrates this zonation and
its relationship to standard Mississippian stratigraphy. Because this zonation has not been fully
discussed since its earliest version in Lane (1974), a restatement of its definitions is provided
here.
Kinderhookian Microfaunal Succession
Faunal Units 1A through 1G were originally collectively referred to as Faunal Unit 1 and were
restricted completely or in part to the interval represented by the Siphonodella sandbergi-
S. duplicata Zone of Sandberg and Klapper (1967) through the S. cooperi hassi Zone of Thomp-
son and Fellows (1970). In this study and that of Lane and Ormiston (1982), Faunal Unit 1 has
been divided into seven lettered parts corresponding to sulcata Zone through all but the upper-
most part of the isosticha-Upper crenulata Zone of Sandberg et al. (1978, p. 111-117). Although
details of this part of the zonation can be found in Sandberg et al. (1978), a brief discussion of
each of the faunal units is given here. Ranges of important Siphonodella spp. are shown on fig.
50, which was taken from Sandberg et al. (1978).
Faunal Unit 1A
—
sulcata Zone Sandberg et al. (1978, p. 1 12) defined the base of this zone
at the first appearance of Siphonodella sulcata and its top at the first occurrence of S. duplicata
Morphotype 1 . The former species marks the base of the Carboniferous and Mississippian Sys-
tems worldwide because it is the successor species in the S. praesulcata-S. sulcata lineage that
was utilized to define the Devonian-Carboniferous GSSP at LaSerre in southern France. Accord-
ing to Collinson et al. (1979, p. 38), the praesulcata-sulcata lineage is well developed in the Hor-
ton Creek Formation at the Atlas South section near Kinderhook, Illinois, and probably occurs in
the basal Hannibal Shale that is equivalent to the Horton Creek. Other species occurring at this
level include S. praesulcata, Protognathodus kuehni, P. meischneri, P. collinsoni, P. kockeli, Bis-
pathodus stabilis, B. aculeatus aculeatus, B. aculeatus anteposicornis, Polygnathus communis
communis, and Pseudopolygnathus dentilineatus among others.
Faunal Unit 1 B—Lower duplicata Zone: Sandberg et al. (1 978, p. 1 1 3) defined the base of
the zone at the first occurrence of Siphonodella duplicata Morphotype 1 and its top at the ap-
pearance of S. cooperi Morphotype 1 . This faunal unit is known to occur widely in the Hannibal
Shale (Collinson et al. 1979, p. 33), and additional important species include S. sulcata, Pseu-
dopolygnathus dentilineatus, P. primus, Polygnathus communis communis, P. inornatus, P. longi-
posticus, Protognathodus kockeli, P. kuehni, P. collinsoni, and P. meischneri among others.
Faunal Unit 1C—Upper duplicata Zone Sandberg et al. (1978, p. 1 13) defined the base of
this zone by the first occurrence of Siphonodella cooperi Morphotype 1 and its top at the first oc-
currence of S. sandbergi. The faunal unit occurs in the Hannibal Shale, and other important spe-
cies occurring in the zone include S. obsoleta, S. carinthiaca, Pseudopolygnathus dentilineatus,
P. primus, Polygnathus communis communis, P. inornatus, P. longiposticus, Elictognathus lacera-
tus, Protognathodus kockeli, P. kuehni, P. collinsoni, and P. meischneri among others.
Faunal Unit 1 D—sandbergi Zone Sandberg et al. (1 978, p. 1 1 4) defined the base at the first oc-
currence of Siphonodella sandbergi and the top at the first occurrence of S. crenulata. The faunal
unit occurs in the Hannibal Shale in the Mississippi River valley and contains Siphonodella
quadruplicata, S. lobata, S. cf. S. isosticha, Pseudopolygnathus dentilineatus, P. primus, Polyg-
nathus communis communis, P. inornatus, P. longiposticus, P. radinus, Elictognathus laceratus,
Protognathodus kockeli, and P. kuehni among others.
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Figure 50 Ranges of zonally important species and morphotypes of conodont genus Siphonodella.
Differences in thickness of zonal boxes do not connote differential lengths of time. Figure from Sand-
berg et al. (1978, fig. 1).
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Faunal Unit 1E—Lower crenulata Zone Sandberg et al. (1978, p. 1 14) defined the base of
this zone at the first occurrence of Siphonodella crenulata and the top by the first occurrence of
Gnathodus delicatus. The faunal unit is known to occur in the upper part of the Hannibal Shale,
and important species include Siphonodella cf. S. isosticha, S. obsoleta, S. cooperi, S. quadru-
plicata, S. lobata, Pseudopolygnathus marginatus, P. triangularis triangularis, P. dentilineatus, P.
primus, Polygnathus communis communis, P. inornatus, P. longiposticus, and Protognathodus
praedelicatus among others.
Faunal Unit 1 F
—
isosticha-Upper crenulata Zone (Lower) Sandberg et al. (1 978, p. 1 1 5—
117) defined the base of this zone at the appearance of Gnathodus delicatus and the top by the
disappearance of Siphonodella isosticha. This zonal definition was not followed by Lane (1974)
or Lane and Ormiston (1 982) and is not followed herein. Sandberg et al. (1 978, p. 1 1 6-1 1 7)
noted that S. crenulata, the name-bearer, disappears well below the top of the zone. The authors
also noted that, in central Idaho, more than 700 m of Antler-derived flysch are assigned to the
upper part of the zone without S. crenulata. In fact, this situation is common over much of the
western United State in flysch or carbonate environments where a thick interval of isosticha-
bearing rocks occurs above the range of most, if not all, other Siphonodella species. Therefore,
for the purposes of this study, the top of Faunal Unit 1 F is defined at the disappearance of S.
crenulata.
Faunal Unit 1G isosticha-Upper crenulata Zone (Upper) The base of the upper part of
the isosticha-Upper crenulata Zone is defined at the disappearance of Siphonodella crenulata
and the top at the appearance of Gnathodus punctatus {sensu Hass 1959, p. 395). Specimens
identified as G. punctatus by Voges (1959, p. 283-284, pi. 47 and figs. 34-37) do not belong
to this species. These specimens occur at an older stratigraphic level and are morphologically
distinct from the type series of G. punctatus. This faunal unit is widely developed throughout the
Lodgepole Limestone of the western United States. Diversity is very reduced in this faunal unit,
consisting largely of S. isosticha, Patrognathus variabilis, and a few other rare platform species.
Osagean Microfaunal Succession
Ranges of important Type Mississippian Osagean conodonts are shown in figure 51.
Faunal Unit 2
—
punctatus Zone Faunal Unit 2 (Lane 1974, p. 277) corresponds to the lower
part of the Gnathodus punctatus Zone of Hass (1959, p. 369) and that part of the Siphonodella
cooperi hassi-G. punctatus Zone of Thompson and Fellows (1 970) starting with the appearance
of G. punctatus. Faunal Unit 2 also corresponds to the lower part of the Lower typicus Zone of
Lane et al. (1980, p. 119). Hass (1959) and Thompson and Fellows (1970) placed equivalents of
this faunal unit into the late Kinderhookian.That age assignment, however, is uncertain because
the faunal unit is not present in the northern outcrops of the type Mississippian owing to an un-
conformity at the Kinderhookian-Osagean boundary (Collinson et al. 1962, p. 22). Although Fau-
nal Unit 2 may be present in the undifferentiated Burlington-Keokuk beds south of St. Louis, Mis-
souri, it does occur in southwestern Missouri, northeastern Oklahoma, and northern Arkansas
in the Pierson Formation, which traditionally has been treated as Osagean (Moore 1928, p. 158,
167). The Pierson is as old as the S. cooperi hassi-G. punctatus Zone in northeastern Oklahoma
(Thompson and Fellows 1970, p. 57), and this correlation is corroborated by faunas from the
Pierson in Amoco collections at the University of Iowa. Therefore, it seems logical to identify the
Kinderhookian-Osagean boundary at the base of Faunal Unit 2 rather than at the first occurrence
of Polygnathus communis carinus (Faunal Unit 3) as proposed by Thompson and Fellows (1970,
p. 66-68) and followed by Chauff (1981). In this sense, Siphonodella occurs in the Osagean, con-
trary to the long-held belief that the genus is restricted to the Kinderhookian. Conodonts occurring
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in Faunal Unit 2 include G. punctatus, G. delicatus, G. semiglaber, G. typicus, S. isosticha, Polyg-
nathus communis communis, Protognathodus delicatus, P. praedelicatus, and P. semiglaber.
Faunal Unit 3 Faunal Unit 3 can be subdivided into units 3A and 3B. These two faunal units
are roughly equivalent to the typicus Zone of Lane et al. (1980, p. 119). Usage of the typicus
Zone is not followed herein.
Figure 51 Ranges of
important conodonts in
Osagean Series of Mis-
sissippi River valley. Styl-
ized Mississippi Valley
Osagean lithic succession
is shown in the second
column from left, Osag-
ean conodont faunal units
(F.U.) are shown in the
third column; ranges of
important conodonts are
given on the right. Re-
spective conodonts are
numbered at the top or
bottom of each range and
represent the following
species: (1) Gnathodus
delicatus; (2) Gnathodus
praedelicatus; (3) Gna-
thodus semiglaber; (4)
Gnathodus typicus; (5)
Polygnathus communis
communis; (6) Polygna-
thus communis carinus;
(7) Staurognathus an-
chorarius; (8) Pseudo-
polygnathus multistriatus;
(9) Gnathodus hamatus;
(10) Pseudopolygnathus
oxypageus; (11) Pseudo-
polygnathus nudus; (12)
Bactrognathus hama-
tus; (13) Bactrognathus
minutus; (14) Gnathodus
antetexanus; (15) Scaliog-
nathus dockali; (16) Scal-
iognathus praeanchoralis;
(17) Doliognathus dubius;
(18) Staurognathus cruci-
formis; (19) Doliognathus latus; (20) Pseudopolygnathus pinnatus; (21) Bactrognathus excavatus; (22) Scal-
iognathus anchoralis europensis; (23) Scaliognathus anchoralis anchoralis; (24) Bactrognathus distortus; (25)
Bactrognathus lanei; (26) Gnathodus cuneiformis; (27) Polygnathus mehli; (28) Eotaphrus burlingtonensis;
(29) Gnathodus pseudosemiglaber; (30) Gnathodus bulbosus; (31) Gnathodus texanus; (32) "Spathognatho-
dus" deflexus; (33) Taphrognathus varians; (34) "Spathognathodus" coalescens; and (35) Apatognathus pin-
natus. Ck., Creek.
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Faunal Unit 3A
—
communis carinus Zone Faunal Unit 3 (Lane 1974, p. 277) is early Osag-
ean in age and corresponds to the lowermost part of the Gnathodus semiglaber-Polygnathus
communis carinus Zone of Thompson and Fellows (1970). The base of this faunal unit is defined
as the first occurrence of P. communis carinus and the top at the subspecies disappearance and
the advent of Pseudopolygnathus multistriatus. This faunal unit, although generally restricted
to a thin stratigraphic interval, is distributed worldwide. Older reported occurrences of P. com-
munis carinus in the Upper Devonian styriacus Zone (Sandberg and Ziegler 1979, p.188), early
Mississippian sulcata and isosticha-Lower crenulata Zones (Sandberg et al. 1978, p. 112, 115),
and throughout the Kinderhookian (Lane et al. 1980, Table 2) are not correct according to Car-
man (1987 p. 48, 55), with whom we now agree. Conodonts occurring in this faunal unit include
Polygnathus communis carinus, P. communis communis, Gnathodus punctatus, G. delicatus, G.
typicus, and Staurognathus anchorarius among others.
Faunal Unit 3B multistriatus Zone This zone is characterized by the appearance of Pseu-
dopolygnathus multistriatus, P. oxypageus, P. nudus, Bactrognathus hamatus, and B. minutus.
Pseudopolygnathus multistriatus is very common in the upper Fern Glen and Burlington forma-
tions in the Midcontinent, and this faunal unit marks the base of the Burlington Formation in the
Mississippi River valley north of Alton, Illinois. This faunal unit seems to represent a rapid trans-
gression of the Burlington sea northwestward in this area onto the Transcontinental Arch during
early Osagean time. Other species occurring in this faunal unit include Protognathodus prae-
delicatus, P. delicatus, P. cordiformis, G. typicus, Doliognathus dubius, Bactrognathus excavatus,
and Staurognathus cruciformis among others.
Faunal Units 4 and 5
—
anchoralis-latus Zone The anchoralis-latus Zone of Lane et al.
(1 980, p. 1 1 9-1 20) can be broken down into three subzones or faunal units, 4L, 4U, and 5, pro-
viding a more refined biostratigraphy in the Mississippi River valley region.
Faunal Unit 4L latus Subzone Faunal Unit 4L is defined at its base by the appearance
of Doliognathus latus and its top is at the first appearance of Bactrognathus lanei, which cor-
responds to the disappearance of Polygnathus communis communis. This subzone represents
the maximum diversity of conodonts during the latest Tournaisian and earliest Visean and is
easily recognized and correlated worldwide. The subzone is equivalent to the Doliognathus la-
tus Subzone of Thompson (1967, p. 18). Species found in this subzone include Scaliognathus
anchoralis anchoralis, Gnathodus cuneiformis, G. antetexanus, G. subbilineatus, Bactrogna-
thus distortus, B. excavatus, B. hamatus, Pseudopolygnathus pinnatus, P. oxypageus, P. nudus,
Polygnathus communis communis, Doliognathus dubius, D. latus, Staurognathus cruciformis,
and Protognathodus cordiformis among others.
Faunal Unit 4U lanei Subzone This subzone is defined at the first appearance of Bactrog-
nathus lanei Chauff and the top at the appearance of Polygnathus mehli and Eotaphrus burling-
tonensis. Chauff (1981) named B. lanei, clearly distinguished it from its ancestor
B. distortus, and defined the B. distortus lanei Zone. Bactrognathus lanei forms a very limited but
easily identifiable stratigraphic level within the Mississippian on the eastern side of the Trans-
continental Arch. Species known to occur within Faunal Unit 4U include B. lanei, B. distortus, B.
excavatus, B. hamatus, Scaliognathus anchoralis anchoralis, Gnathodus cuneiformis, G. subbi-
lineatus, and Doliognathus latus among others.
Faunal Unit 5
—
burlingtonensis Subzone Faunal Unit 5 is Osagean and corresponds ap-
proximately to the Gnathodus cuneiformis Zone of Thompson (1 967). The faunal unit is generally
found in the Cedar Fork Member of the Burlington Formation. Polygnathus mehli, which disap-
pears at the top of this subzone, was the last of the large-cavitied polygnathids that provided the
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genetic stock for the multiple cavity to pit evolutionary sequences of conodont platform elements
within the Devonian and Early Mississippian. Only large-cavitied gnathodids and cavusgnathids
remained in the later Mississippian, and consequently conodonts were substantially less diverse
and the zonation less refined. Conodonts occurring in this subzone include Polygnathus mehli,
P. bischoffi, "Spathognathodus"crassidentatus, Eotaphrus burlingtonensis, and Gnathodus
pseudosemiglaber among others.
Faunal Unit 6
—
bulbosus Zone Faunal Unit 6 is Osagean and corresponds approximately to
the Gnathodus bulbosus Zone of Thompson (1967). This faunal unit is not commonly found in
the area because it is represented by the low stand of the Osagean seas during the transition
from the Burlington to the Keokuk Limestone. Species occurring in Faunal Unit 6 include Gna-
thodus bulbosus, G. pseudosemiglaber, G. antetexanus, G. cf. G. bilineatus, "Spathognathodus"
crassidentatus, and "Spathognathodus" pulcher.
Faunal Unit 7 texanus Zone Faunal Unit 7 spans the Osagean and Meramecian bound-
ary as revised by Kammer et al. (1990). It corresponds to the combined Gnathodus texanus-
Taphrognathus and Taphrognathus varians-Apatognathus Zones of Collinson et al. (1962) and
emended in Collinson et al. (1 972). The faunal unit is long-ranging and is found throughout the
Keokuk, Warsaw, Salem, and lower St. Louis Formations. Conodont platform species found in
Faunal Unit 7 include G. texanus, "Spathognathodus" deflexus, "S." coalescens, T. varians, Apa-
tognathus pinnatus, Hindeodus penescitulus, and a Taphrognathus-Cavusgnathus transitional
form.
Meramecian Microfaunal Succession
Ranges of important conodonts are shown in figure 52. Kammer et al. (1990) redefined the base
of the Meramecian to fall within the Warsaw Formation in the Mississippi River valley, where
major faunal changes occur within the brachiopods, echinoderms, and foraminifers. Specifically,
these changes correspond to the appearance of the foraminifer Globoendothyra baileyi, which
approximates the appearance of the conodont Hindeodus penescitulus. However, until the pre-
cise level of appearance of H. penescitulus can be verified and the zonation revised, the Osag-
ean-Meramecian boundary falls within the conodont texanus Zone (Faunal Unit 7).
Faunal Unit 8 scitulus-scalenus Zone Faunal Unit 8 differs somewhat in its definition from
that of Lane (1974, p. 278). Originally this faunal unit was restricted to the range of the Taphrog-
nathus-Cavusgnathus transitional form. Herein, Faunal Unit 8 is defined at the appearance of
the species Hindeodus scitulus and Apatognathus scalenus. This faunal unit first appears in the
middle St. Louis breccia and continues into the base of the overlying Ste. Genevieve Limestone
of Chesterian age. Conodont species occurring in this faunal unit include Hindeodus scitulus,
H. penescitulus, H. cristulus, Apatognathus scalenus, A. porcatus, A. geminus, Cavusgnathus
unicornis, C. regularis, C. convexus, Cavusgnathus-Taphrognathus transitional form, Gnathodus
texanus, Vogelgnathus campbelli, and Hindeodontoides spiculus.
Chesterian Microfaunal Succession
Ranges of important Chesterian conodonts are shown in figure 53. For the last several decades,
the Meramecian-Chesterian contact has been placed generally at the top of the Ste. Genevieve
Limestone (Weller 1920), even though this formation was not included in the original definition
of the Meramecian (Ulrich 1904). Swann (1963) extended the lower boundary of the Chesterian
into the Renault Limestone at the top of his Genevievian Stage. Both of these higher levels (i.e.,
the top of the Ste. Genevieve Limestone and the top of Swann's Genevievian Stage) are very
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Ranges of Important Meramecian Conodonts
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Figure 52 Ranges of important conodonts in Meramecian Series of Mississippi River valley. Styl-
ized Mississippi River valley Meramecian lithic succession is shown in the third column from left.
Meramecian numbered conodont faunal units (F.U.) are shown in fourth column; ranges of im-
portant conodonts are on the right. Conodonts are numbered at top or bottom of each range and
represent the following species: (1) "Spathognathodus" coalescens; (2) Apatognathus pinnatus;
(3) Taphrognathus varians; (4) Gnathodus texanus; (5) Hindeodus penescitulus; (6) Taphrogna-
thus-Cavusgnathus transitional form; (7) Apatognathus geminus; (8) Apatognathus procatus; (9)
Hindeodus scitulus; (10) Cavusgnathus unicornis; (11) Cavusgnathus regularis; (12) Cavusgna-
thus convexus; (13) Hindeodus cristulus; (14) Vogelgnathus campbelli; and (15) Hindeodontoides
spiculus.
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Figure 53 Ranges
of important con-
odonts in Chesterian
Series of Mississippi
River valley. Stylized
Mississippi Valley
Chesterian lithic suc-
cession is shown
in the third column
from left. Numbered
Chesterian conodont
faunal units are pre-
sented in the fourth
column; ranges of
important conodonts
are on the right. Con-
odonts are numbered
at the top or bottom
of each range and
represent the fol-
lowing species: (1)
Gnathodus texanus;
(2) Cavusgnathus
convexus; (3) Cavus-
gnathus regularis; (4)
Cavusgnathus uni-
cornis; (5) Hindeodus
cristulus; (6) Hinde-
odontoides spiculus;
(7) Vogelgnathus
campbelli; (8) Rha-
chistognathus n. sp.
(= Spathognathodus
muricatus, Thompson
1972); (9) Genicu-
lates claviger; (10)
Cavusgnathus char-
actus; (11) Paragna-
thodus mononodus;
(12) Paragnathodus
nodosus; (13) Cavus-
gnathus altus; (14)
Gnathodus bilinea-
fus;(15) Gnathodus
girtyi; (16) Paragna-
thodus commutatus;
(17) Kladognathus mehli; (18) Kladognathus primus; (19) Cavusgnathus spp. (Rexroad and Nicoll 1965); (20)
Cavusgnathus naviculus; (21) Adetognathus unicornis; (22) Hindeodus minutus; (23) Rhachistognathus mu-
ricatus; (24) Adetognathus lautus; (25) Adetognathus gigantus; (26) Declinognathodus noduliferus; (27) Rha-
chistognathus minutus; and (28) Idiognathoides sinuatus.
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difficult to recognize biostratigraphically. Maples and Waters (1987) convincingly demonstrated
that the boundary is best placed at the St. Louis-Ste. Genevieve contact. Therefore, this study
returns to Ulrich's original definition of the Meramecian in which the St. Louis Limestone is the
youngest formation. Herein, the base of the asteroarchaediscins foraminifers (Asteroarchaedis-
cus and Neoarchaediscus), which approximates the base of conodont Faunal Unit 9 of Lane
(1974) and the bilineatus Zone of Lane et al. (1980, p. 118), is used as the base of the Cheste-
rian Series. These latter occurrences are within the Ste. Genevieve Limestone.
Faunal Unit 9 and 10
—
bilineatus Zone The bilineatus Zone of Lane et al. (1980, p. 1 18, table
1) has never been formally defined. Herein, it is defined at the first occurrence of Gnathodus
bilineatus, which seems to be near the base of the Ste. Genevieve Limestone or the base of the
Chesterian Series in North America. The bilineatus Zone can be broken into Faunal Units 9 and 10.
Faunal Unit 9—Lower bilineatus Zone Faunal Unit 9 is earliest Chesterian in age, which
contrasts with its late Meramecian age assignment by Lane (1974, p. 278). This faunal unit is
characterized by the appearance of several new forms in North America including Gnathodus bi-
lineatus, G. girtyi, Geniculatus claviger, Paragnathodus mononodus, P. nodosus, Lochriea com-
mutata, Cavusgnathus altus, Rhachistognathus n. sp. [Spathognathodus muricatus of Thompson
(1972, p. 39, plate 1, figs. 8-19)]. Gnathodus texanus is also a common element. This fauna
occurs across North America in beds equivalent to the Ste. Genevieve Limestone of the Missis-
sippi River valley, but this zonal interval has not been widely recognized.
Faunal Unit 10—Upper bilineatus Zone Faunal Unit 10 or the upper part of the bilineatus
Zone is characterized only by long-ranging forms. The base of the zone is defined by the disap-
pearance of Rhachistognathus n. sp. in the lower Chesterian and the top by the appearance of
Cavusgnathus naviculus in the Menard Limestone. Kladognathus primus appears at about the
level of the Glen Dean Limestone. Other species found in the faunal unit include Gnathodus
bilineatus, G. modocensis, G. girtyi, Lochriea commutata, Hindeodontoides spiculus, Cavusgna-
thus unicornis, C. altus, C. convexus, C. regularis, Hindeodus cristulus, Vogelgnathus campbelli,
and Magnilaterella robusta.
Faunal Unit 11
—
naviculus Zone Faunal Unit 1 1 differs substantially from that defined by
Lane (1974, p. 279). Although Faunal Unit 1 1 of Lane (1974) corresponded to the unicornis
Zone, Faunal Unit 1 1 herein is the same as the naviculus Zone of Baesemann and Lane (1985).
The base of Faunal Unit 1 1 is defined at the first appearance of Cavusgnathus naviculus, a spe-
cies that occurs worldwide at approximately the same stratigraphic level. The top of the faunal
unit is placed at the appearance of Adetognathus unicornis. In the Mississippi River valley the
faunal unit occurs from the base of the Menard Limestone to the top of the Kinkaid Limestone.
According to the conodont correlations of Lane et al. (2000), this unit is the highest Mississip-
pian level reached in the standard British ammonoid sequence, leaving a hiatus in that standard
zonation, a gap that includes four conodont zones across the Mississippian-Pennsylvanian
boundary. Faunal Unit 1 1 contains Cavusgnathus unicornis, Cavusgnathus sp. of Rexroad and
Nicoll (1965), C. altus, Gnathodus bilineatus, G. girtyi, Lochriea commutata, Hindeodus cristulus,
Hindeodontoides spiculus, and Vogelgnathus campbelli.
Faunal Unit 12 unicornis Zone Faunal Unit 12 was originally described as Faunal Unit 1
1
by Lane (1974, p. 279). The base of Faunal Unit 12 herein is at the appearance of Adetognathus
unicornis, and its top is defined at the appearance of Rhachistognathus muricatus. This zone
was originally defined by Collinson et al. (1962) as the Streptognathodus unicornis Zone and lat-
er emended by Lane (1 967). The faunal unit is known to occur widely across the North American
continent and in Belgium, Ukraine, and North Africa. In the Mississippi River valley, Faunal Unit
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12 occurs in the Grove Church Shale (uppermost member of the Kinkaid Limestone of current
ISGS usage) southern Illinois. Conodonts found in Faunal Unit 12 include Adetognathus unicor-
nis, Gnathodus bilineatus, G. girtyi, Hindeodus minutus, Cavusgnathus naviculus, C. unicornis,
C. altus, Lochriea commutata, and Vogelgnathus campbelli.
Faunal Unit 13—Lower muricatus Zone The base of Faunal Unit 13 is defined at the ap-
pearance of Rhachistognathus muricatus and its top at the appearance of Adetognathus lautus.
Strata of this zone are not found in the Mississippi River valley as the interval falls within the
regional unconformity at the Mississippian-Pennsylvanian boundary. Beds of this age are devel-
oped widely in the western United States and are well known from the Mississippian-Pennsyl-
vanian GSSP in southern Nevada (see Lane et al. 2000). Conodonts that are distinct from the
underlying Faunal Unit 12 include Rhachistognathus muricatus and Gnathodus girtyi simplex.
Faunal Unit 14—Upper muricatus Zone The base of Faunal Unit 14 is defined at the appear-
ance of Adetognathus lautus, and its top is at the evolutionary appearance of Declinognathodus
noduliferus from Gnathodus girtyi simplex at the Mississippian-Pennsylvanian boundary. The
faunal unit is not developed in the North American Midcontinent, but the overlying Faunal Unit
15 does occur in the base of the type Morrowan (Pennsylvanian) in northwestern Arkansas.
Conodonts new to Faunal Unit 14 include A. lautus, A. gigantus, Gnathodus defectus, and G.
girtyi simplex. The cavusgnathids disappear in this the youngest Mississippian faunal unit.
Morrowan (Pennsylvanian) Microfaunal Succession
It has long been dogmatically maintained that a major unconformity separates the Mississippian
and Pennsylvanian over much of the North American Midcontinent (Sloss 1963, Willman et al.
1975, p. 165). In part this is true, but in places the Mississippian-Pennsylvanian transition ap-
proaches completeness in deposition. The magnitude of the faunal hiatus at the Mississippian-
Pennsylvanian boundary in the Illinois Basin is of shorter duration than was generally thought
and corresponds more closely to the conodont microfaunal succession in the type Morrowan
region of northern Arkansas.
Faunal Unit 15
—
noduliferus-primus Zone The base of this faunal unit is defined at the ap-
pearance of Declinognathodus noduliferus and Rhachistognathus primus. This unit is the earli-
est Pennsylvanian conodont faunal unit, and its base defines the lower boundary of the Penn-
sylvanian Subsystem. This faunal unit/zone is not known to be present in the Mississippi River
valley, but is well developed in the type Morrowan of northwestern Arkansas (Lane and Straka
1974). Conodonts known to occur in this faunal unit include Declinognathodus noduliferus,
Rhachistognathus primus, R. muricatus, Adetognathus lautus, A. gigantus, Gnathodus defectus,
and G. bilineatus.
Faunal Unit 16 sinuatus-minutus Zone The base of this faunal unit is defined at the first
appearance of Rhachistognathus minutus and Idiognathoides sinuatus. Conodont faunas report-
ed by Rexroad and Merrill (1979, 1985) from the Wayside Member of the Caseyville Formation
in southern Illinois belong in this faunal unit. Thus, the unconformity at the Mississippian-Penn-
sylvanian contact in southern Illinois represents the interval from Faunal Unit 13 through Faunal
Unit 15. Conodonts occurring in Faunal Unit 16 include Rhachistognathus minutus, R. muricatus,
R. websteri, R. deflexus, Idiognathoides sinuatus, I. corrugatus, I. lanei, I. asiaticus, I. praenodu-
liferus, Declinognathodus noduliferus, D. inaequalis, D. lateralis, Adetognathus lautus, and A.
gigantus.
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TYPE MISSISSIPPIAN FORAMINIFERS
Type Mississippian calcareous foraminifers are less diversified than correlative assemblages in
Eurasia, reflecting the same trend seen across most of North America. Kinderhookian and lower
Osagean (Meppen-Burlington formations) rocks contain few specimens consisting mainly of
earlandiids and scarce tournayellids and endothyrids (fig. 54). The deeper-water shelf environ-
ments, periodic siliciclastic influx, and restricted paleogeographic setting probably account for
the low diversity.
The hiatus separating Kinderhookian and Osagean rocks in the Mississippi River valley is partly
or completely represented by the Gilmore City Limestone of north-central Iowa (see description
for Stop 4, p. 68-71 , and fig. 49). This formation has a prolific foraminiferal assemblage dominat-
ed by tuberculate endothyrids and tournayellids (fig. 54). The fauna most closely resemble that
found in western North America and have no counterpart in the Mississippi River valley.
The beds may be a shoreline facies of the Burlington shelf or, more likely, an incursion from the
Cordillera across the Transcontinental Arch.
The upper Osagean Keokuk Limestone is the first formation in the Mississippi River valley to
display a diverse calcareous foraminiferal assemblage, although occurrences are essentially
limited to the Peerless Park Member and equivalent beds in the middle of the formation (fig. 55).
The Peerless Park is a shoal/channel complex representing a single shallowing event along the
seaward edge of the Burlington-Keokuk Shelf. The relative sea-level drop provided an appropri-
ate environment for foraminiferal development, which diminished considerably in the upper Ke-
okuk Limestone and regressive lower Warsaw Formation.
TAXON
LATE KINDERHOOKIAN-EARLY OSAGEAN
(UNDIFFERENTIATED)
GILMORE CITY FORMATION
Lower Member Humboldt Oolite Member
Chernyshinella glomiformis? (Lipina 1948)
Granuliferelloides nalivkini (Malakhova 1 956)
Tuberendothyra tuberculata (Lipina 1948)
Palaeospiroplectammina tchernyshinensis (Lipina 1948)
Septaglomospiranella compressa Lipina 1965
Granuliferella rjausakensis (Chernysheva 1940)
Septaglomospiranella dainae Lipina 1 955
Septabrunsiina spp.
Granuliferelloides posneri (Ganelina 1 966)
Spinotoumayella tumula (Zeller 1957)
Granuliferella latispiralis (Lipina 1955)
Inflatoendothyra parainflata (Bogush and Yuferev 1970)
Cylindrofolia glenisteri BrencMe and Groves 1987
Spinoendothyra costifera (Lipina 1955)
Spinochernella brencklei Conil and Lys 1977
Spinochernella spinosa (Chernysheva 1940)
Granuliferelloides gloriosa (Grozdilova and Lebedeva 1954)
Laxoendothyra aff. L. parakosvensis (Lipina 1955)
-
Figure 54 Selected calcareous foraminifers and the alga Cylindrofolia glenisteri from late Kinderhookian
to early Osagean beds of north-central Iowa. Occurrences taken from Zeller (1950), Brenckle and Groves
(1987), and Woodson (1993). Lower member of Gilmore City Formation in this diagram includes Gilmore
City Limestone of Baxter and Brenckle (1982) and Brenckle and Groves (1987) and upper "Maynes Creek"
Formation and informal Marble Valley Member of Woodson (1993). Range lines are drawn between first and
last occurrences and do not necessarily indicate continuous presence throughout the range. Short top line
represents a single occurrence.
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TAXON K OSAGEAN MERAMECIAN
M-F/B Ke LW UW / S ^^ SL
Septaglomospiranella compressa Lipina 1965
Prochernyshinella? sp.
Rectogranuliferella godini (Conil 1980)
Mametella chautauquae Brenckle 1 977 (A)
Endothyra spp.
"Priscella "spp.
Endothyra obsoleta group Rauzer-Chernousova 1948
Tetrataxis/Endotaxis spp.
"Principia" sp. (A)
-
Skippella spp.
Globoendothyra piasae Brenckle 1 982
Eoendothyranopsis spiroides (Zeller 1957)
Eoendothyranopsis scitula (Toomey 1961)
Konickopora spp. (I)
Globoendothyra baileyi (Hall 1864)
Planoarchaediscus spirilhnoides group (Rauzer-Chernousova 1948)
Paraarchaediscus pachythecus (Petryk 1 971
)
Paraarchaediscus stilus group (Grozdilova and Lebedeva 1953)
Kasachstanodiscus spp.
Pseudoammodiscus priscus (Rauzer-Chernousova 1948)
Paraarchaediscus infantis (Shlykova 1951)
Granuliferella/Holkeria sp.
Cribrokamaena citrosa Brenckle 1 985 (A)
Eostafella spp.
"Nodosarchaediscus " spp.
Koktjubina sp.
Septabrunsiina mackeei (Skipp et al. 1966)
"Urbanella "sp.
Eoendothyranopsis hinduensis (Skipp 1969)
Eoendothyranopsis robusta (McKay and Green 1963)
Eoendothyranopsis lebedevae Solov'eva 1 967
Epistacheoides nephroformis Petryk and Mamet 1 972 (A)
Paraachaediscus pauxillus (Shlykova 1 951
)
Eoendothyranopsis macra (Zeller 1957)
Aoujgalia richi Mamet and Roux 1978 (A)
Paraarchaediscus cf. P. koktjubensis (Rauzer-Chernousova 1 948)
encrusting forms (calcitornellids/calcivertellids)
Pseudoglomospira spp.
Consobrinella spp
——
—
Paraarchaediscus convexus (Grozdilova and Lebedeva 1953)
Ungdarellacea (A)
Endothyranopsis sp.
Endothyra bowmani group Phillips 1846 emend.
Endostaffella discoidea (Girty 1915)
Endothyra phrissa (Zeller 1953)
Figure 55 Selected calcareous foraminifers, algae (A), and organisms of unknown affinity (I) from
Kinderhookian, Osagean, and Meramecian series of type Mississippian. Occurrences are primarily
from southeastern Iowa and vicinity and the St. Louis area. Information on microfossil ranges comes
from Zeller (1950), Brenckle et al. (1974, 1982), Brenckle (1977, 1991b), Baxter and Brenckle
(1982), Kammer et al. (1990), Witzke et al. (1990), and unpublished data. Kinderhookian foramini-
fers are from Chouteau Limestone of northeastern Missouri. Range lines are drawn between first
and last occurrences and do not necessarily indicate continuous presence throughout the range.
Very short lines represent a single occurrence. Abbreviations: K, Kinderhookian; M, Meppen Lime-
stone; F, Fern Glen Formation; B, Burlington Limestone; Ke, Keokuk Limestone; LW, lower Warsaw
Formation; UW, upper Warsaw Formation; S, Salem Limestone; SL, St. Louis Limestone.
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The initial Meramecian transgression in the upper Warsaw Formation again provided favorable
environments for foraminifers that flourished throughout the Salem and St. Louis carbonate envi-
ronments. These two formations are highstand deposits and reciprocal facies, which in the north
were dominated by the more restricted St. Louis Limestone and to the south by the more open
marine Salem. Species of Eoendothyranopsis, Globoendothyra, and Paraarchaediscus are the
most abundant taxa in the Meramecian (fig. 55).
The Chesterian was a time of cyclical, mixed siliciclastic-carbonate deposition reflecting sea-
level changes associated with incipient Gondwanan glaciation. The lower Chesterian (Ste. Gen-
evieve-Waltersburg formations) contains a low diversity foraminiferal assemblage composed of
Pseudoglomospira sp., other encrusting foraminifers, archaediscids, asteroarchaediscins, and
endothyrins (fig. 56), although the complete taxonomic composition is unknown because the
interval has not been examined in detail. Eosigmoilines appear throughout the upper Chesterian
(Menard-Grove Church formations) and are joined by a relatively diverse fauna that bears some
resemblance to Eurasian Serpukhovian assemblages.
Important taxa in the upper Osagean (Keokuk-lower Warsaw formations) include Endothyra of
the group Endothyra obsoleta, Eoendothyranopsis scitula, E. spiroides, Globoendothyra piasae,
Koninckopora tenuiramosa, primitive Paraarchaediscus sp. (rare), Tetrataxis of the group T. an-
gusta, and Viseidiscus sp.
Globoendothyra baileyi, a probable derivative of G. piasae, appears at or near the base of
the upper Warsaw Formation at the beginning of the Meramecian. Other taxa within the early
Meramecian include upper Osagean forms as well as a small Brunsia sp., Kasachstanodiscus
sp., Planoarchaediscus sp., Pseudoammodiscus priscus, and various Paraarchaediscus spp.
such as P. infantis, P. pachythecus, and Paraarchaediscus of the group P. stilus. Eoendothy-
ranopsis hinduensis, E. lebedevae, E. macra, and E. robusta appear in the upper Meramecian
St. Louis Limestone and coeval Salem facies along with Eostaffella sp., Banffella? banffensis?,
Granuliferella/Holkeria sp., "Nodosarchaediscus" sp., and numerous Paraarchaediscus spp. (fig.
55). Pseudoglomospira sp., other encrusting foraminifers, and Endostaffella discoidea enter near
the top of the St. Louis where Eoendothyranopsis and Koninckopora disappear. The latter forma-
tion also contains a characteristic association of Koktjubina sp., Septabrunsiina mackeei, "Ur-
banella" sp., and the alga Cribrokamaena citrosa that can be traced across North America (e.g.,
see Brenckle 1997).
Foraminiferal diversity plummeted in the lower Chesterian probably in response to the severe cli-
matic changes induced by the beginning of southern hemisphere glaciation. The most important
appearances at this level include those of the asteroarchaediscin foraminiferal genera Astero-
archaediscus and Neoarchaediscus (fig. 56) in the Ste. Genevieve Limestone. The lower Ches-
terian approximately correlates to the upper Visean in Eurasia but has none of the characteristic
larger foraminifers found at that time in that region (e.g., Archaediscus gigas/karreri, Cribrospira
panderi, Endothyranopsis crassa/sphaerica, Haplophragmella tetraloculi, Janischewskina typica,
Mirifica mirifica, and Eostaffella ikensis) is present in the Mississippi River valley.
In contrast, the upper Chesterian (fig. 56) contains a robust foraminiferal assemblage that in
the Menard Limestone includes among others Asteroarchaediscus baschkiricus, Asteroarchae-
discus of the group A. rugosus, Brenckleina rugosa, Eosigmoilina robertsoni, Koktjubina-Bise-
riella transition, "Millerella" designata, and "M."tortula. The Kinkaid Limestone through Grove
Church Shale interval additionally contains Betpakodiscus sp., Biseriella of the group B. parva,
Consobrinella aspera, Endotaxis brazhnikovae, Eolasiodiscus sp., Eostaffella chesterensis, E.
kinkaidensis, E. proikensis, Eostaffellina sp., Loeblichiasp., aff. Masloviporidium sp., "Millerella"
95
TAXON CHESTERIAN
SG
I
Re | | Ri | BC|Fr|H| |GD |TS|V| M ||C| Kd GC
Mametella chautauquae Brenckle 1 977 (A)
Endothyra - "Priscella" - Tetrataxis/Endotaxis spp.
Paraarchaediscus spp.
Planoarchaediscus spirillinoides gp. (Rauz-Chern 1948)
Paraarchaediscus stilus gp. (Groz. and Lebed. 1953
Kasachstanodiscus spp.
Pseudoammodiscus priscus (Rauzer-Chernousova 1948)
Paraarchaediscus infantis (Shlykova 1951)
Eostaffella spp.
"Nodosarchaediscus" spp.
Paraarchaediscus pauxillus (Shlykova 1951)
Paraarchaediscus cf. P. koktjubensis (Rauz.-Chern. 1948)
encrusting forms (calcitornellids/calcivertellids)
Pseudoglomospira spp.
Consobrinella spp.
Endothyra bowmani group Phillips 1846 emend.
Endostaffella discoidea (Girty 1915)
Endothyra phrissa (Zeller 1953)
Neoarchaediscus spp.
Asteroarchaediscus spp.
Asteroarchaediscus baschkiricus (Krest. and Theodor. 1936)
Trepeilopsis spp.
Asteroarchaediscus rugosus group (Rauz.-Chern. 1948)
Planospirodiscus spp.
Mediocris breviscula (Ganelina 1951)
Archaediscus spp.
Brenckleina rugosa (Brazhnikova 1964)
Eosigmoilina robertsoni (Brady 1 876)
Endothyra excellens (Zeller 1953)
"Millerella" designata Zeller 1 953
Planoendothyra spp.
"Millerella " cooperi Zeller 1 953
"Osagia" nodules (A)
Koskinobigenerina sp.
Palaeotextularia-Climacammina-Koskinotextularia spp.
Betpakodiscus sp.
Eostaffella proikensis Rauzer-Chernousova 1948
Turrispiroides cf. T. multivolutus (Reitlinger 1949)
Eostaffellina sp.
Monotaxinoides subconicus (Brazhnikova and Yartseva 1956)
Eostaffella chesterensis/kinkaidensis (Cooper 1 947)
Consobrinella aspera (Cooper 1 947)
Bisenella parva group (Chernysheva 1 948)
Seminovella? sp.
Neoarchaediscus altiluminis (Brenckle 1973)
Neoarchaediscus aff. N. probatus (Reitlinger 1950)
Monotaxinoides aff. M. subplanus (Brazhnikova and Yartseva 195
Eolasiodiscus sp.
6)
•
Figure 56 Selected calcareous foraminifers and algae (A) from Chesterian Series of type Mississippian,
(revised February 2003). Occurrences are from St. Louis and Ste. Genevieve areas and southern Illinois.
Information on microfossil ranges comes from Cooper (1947), Zeller (1950, 1953), Baxter and Brenckle
(1982), Brenckle (1991b), and unpublished data. Not all Chesterian stratigraphic units are shown. Dots
represent single occurrences. Range lines are drawn between first and last occurrences and do not nec-
essarily indicate continuous presence throughout the range. Abbreviations: SG, Ste. Genevieve Lime-
stone; Re, Renault Limestone; Ri, Ridenhower Formation; BC, Beech Creek Limestone; Fr, Fraileys Shale;
H, Haney Limestone; GD, Glen Dean Limestone; TS, Tar Springs Sandstone; V, Vienna Limestone; M,
Menard Limestone; C, Clore Formation; Kd, Kinkaid Limestone; GC, Grove Church Shale.
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cooperi, primitive "Millerella" sp., Monotaxinoides subconicus, Monotaxinoides aft. M. subplanus,
Planoendothyra aff. P. aljutovica, Plectostaffella sp., and Turrispiroides cf. 71 multivolutus among
others.
IMPORTANT BIOSTRATIGRAPHIC LEVELS IN THE TYPE MISSISSIPPIAN
For the last two decades, the Subcommission on Carboniferous Stratigraphy has been con-
cerned with identifying major biotic events or levels within the Mississippian, as well as the
Pennsylvanian, where important series or stage boundary Global Stratigraphic Section and
Points (GSSPs) can be defined. An international SCCS working group chaired by Paul Brenckle
reported its finding to the General Meeting of the Carboniferous Subcommission in Provo, Utah,
in September 1989 and published its results 2 years later (Brenckle 1991a). Although several
biotic levels were recognized as important candidates for boundary definition, the working group
highlighted three of them:
1. middle through early late Tournaisian (near the Kinderhookian-Osagean and Hastarian-
Ivorian boundaries),
2. latest Tournaisian up to late early Visean (late early to early late Osagean), and
3. middle late Visean (at or near the Meramecian/Chesterian boundary as defined by Maples
and Waters 1987).
Although the Kinderhookian-Osagean boundary (middle through early late Tournaisian) is
unconformable in the Mississippi River valley, there appears to be a complete sedimentary
sequence across the boundary in southwestern Missouri. Conodont zonations have tradition-
ally focused on the disappearance of Siphonodella to recognize the end of the Kinderhookian,
but using an extinction event is not appropriate for defining a boundary. However, several other
conodont horizons may be used to define a Kinderhookian-Osagean boundary. These are, in
ascending order, at the appearances of Gnathodus punctatus, Polygnathus communis carinus,
and the Bactrognathodontidae. The radiation of numerous species of the Bactrognathodontidae
in the late Tournaisian is a remarkable development and is very helpful for stratigraphic cor-
relation across facies. The late Tournaisian includes the appearance of the genera Dollymae,
Bactrognathus, Doliognathus, Scaliognathus, Staurognathus, and others. Although more work
is required to define a level within this interval, there is little doubt that these biotic horizons can
be correlated worldwide, and most are well developed in the Mississippian of southwestern Mis-
souri as well as in the western United States.
Definition of the Tournaisian-Visean boundary has been an ongoing topic of discussion at least
since the late 1960s (e.g., Conil et al. 1967, 1969, 1991; Mamet et al.1970; Lane and Ziegler
1 983; Brenckle 1 991 a; Belka 1 991 ; Hance 1 997). In the type Mississippian that boundary has
been placed at various levels from about the base of the Osagean up to the Keokuk-Warsaw
contact (see discussion for Stop 5B).The Subcommission on Carboniferous Stratigraphy now
favors a boundary at the evolutionary appearance of the foraminifer Eoparastaffella simplex
(Sevastopulo and Hance 2000). This definition is advantageous because it approximates the tra-
ditional base of the Visean in the Dinant Basin in Belgium, although the defining Eoparastaffella
lineage has not yet been found in the Western Hemisphere. Conodont changes across the
Burlington-Keokuk contact mirror similar trends in conodonts near the appearance of E. simplex
in Eurasia and serve as a proxy to recognize the Tournaisian-Visean boundary in the type
Mississippian.
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As pointed out by Brenckle (1991a), the Meramecian-Chesterian boundary, as redefined by
Maples and Waters (1987), correlates with a position within the middle of the late Visean and is
recognized herein at the base of the range of the asteroarchaediscin foraminifers (Asteroarchae-
discus and Neoarchaediscus). These appearances coincide approximately with the base of the
bilineatus Zone (Faunal Unit 9) of the standard conodont zonation. Because of the widespread
occurrences of these foraminifers and the conodont Gnathodus bilineatus, this level offers a
good possibility for worldwide correlation and boundary definition.
Other potential boundary levels within the type Mississippian that were not highlighted in Brenck-
le (1991a) include the base of the Meramecian Series as redefined by Kammer et al. (1990).
Those latter authors reported major faunal changes occurring within the brachiopods, echino-
derms, and foraminifers within the Warsaw Formation of the Mississippi River valley. This level is
at the first appearance of the brachiopods Warsawia lateralis, Planalvus densa, Crossacanthia
perlamellosa, Setigerites altonensis, and Tetracamera subcuneata, the blastoid Pentremites co-
noideus, and the calcareous foraminifer Globoendothyra baileyi. These changes seem to corre-
spond with the appearance of the conodont Hindeodus penescitulus. Because the biotic change
at this level includes many fossil groups, it should be of global importance, although more confir-
matory work is needed.
Another level of global biotic importance occurs at the base of the conodont naviculus Zone
(Faunal Unit 1 1 , herein) and at the appearance of the foraminiferal genera Eosigmoilina and
Brenckleina. The working group to establish a GSSP near the base of the Serpukhovian Series
should consider this stratigraphic level for definition.
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